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CHAPTER I .  INTRODUCTION 
Mi rex (dodecachloractahydro-1,3,4-metheno-2H cyclobuta [cd]pentalene) 
has been used extensively as an insecticide for nine years in the south­
eastern part of the United States. At one t ime, mi rex was thought to be 
the perfect insecticide. Mi rex was developed as a substi tute for heptach-
lor and dieldrin because both of these chemicals are persistent and have 
been implicated in wildl i fe mortal i ty. Mi rex, in the quanti t ies used, 
appeared to be less toxic than DDT, heptachlor or dieldrin. I t  was also 
pointed out as being quite precise in ki l l ing i ts target organisms 
(Shapley, 1971). The principal use of mi rex is to control the imported 
f i re ant, Solenopsis saevissima r ichteri .  Because of increase in popu­
lat ion size and rate of spread of the f i re ant, natural mechanisms are 
obviously insuff icient to control populat ion size (Mi rex Advisory Com­
mittee, 1972). This insecticide has also been used to control leaf 
cutters in South America, harvester termites in South Afr ica, and western 
harvester ants and yel low jackets in the United States (Vaughn, 1971). 
Since 1963, mi rex has been applied for insect control in Florida, Georgia, 
Louisiana, Texas, Alabama, Mississippi, North Carol ina, %oi^/Carol ina 
and Texas (Lofgren ^  , 1964 and Str inger £t ,  1964). 
Accumulat ing evidence indicates that mi rex is very persistent in 
the environment and therefore poses a hazard to wi ldl i fe (Baetcke et al . ,  
1972). Trends in the monitor ing of mi rex indicate an increase in the 
amounts of  the chemical in the environment and the food chain of various 
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wildl i fe species (Mi rex Advisory Committee, 1972; Butler, 1969; McKenzie, 
1970; Mark! n et al . ,  1969; Markin et ,  1972b; Coll ins, et£l_., 1974). 
Mi rex may easi ly appear in the food chain of animals despite the 
very low dosage of 1.7 grams per acre at which i t  is applied (Oberheu, 
1972). The presence of residues in animals col lected from areas not 
treated with mi rex suggests widespread movement of mi rex in nature. 
Residues of mi rex have been found in the food chains of wi ldl i fe species 
(Marki n £t £l^.,  1969; Markin ^aj^.,  1972b; USDI, 1971; Wilson, 1971 and 
Borthwick £t ,  1973). i t  is a strong possibi l i ty that studies of 
residue levels at dif ferent trophic levels wi l l  suggest biological 
magnif ication (Naqvi and de la Cruz, 1973a). 
I t  is because of the appearance of mi rex in wi ldl i fe, that some 
conservationists have questioned the use of the insecticide (Rogers and 
Brown, 1970). I t  was precisely because of the indications of the pres­
ence of mi rex in the environment and i ts appearance in non-target 
organisms, that a suit  was f i led by the Environment Defense Fund in 
1970. This suit  sought an injunction and declaratory judgement to 
restrain the Department of Agriculture from attempting to eradicate 
the imported f i re ant through the use of mi rex (Mi rex Advisory Com­
mittee, 1972). At the height of the f i re ant eradication program in 
the f iscal year, 1971, a total of 19,400 kg of mi rex was applied (USDA, 
1972). After the suit  was f i led, the Environmental Protection Agency 
(EPA) set specif ic quanti ty l imits on application of mi rex pending 
further investigations of the insecticide. 
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In March 197'3 the EPA cancelled al l  federal regulat ions for the 
use of mi rex pending the outcome of a study of possible residue problems 
and effects on wi ldl i fe. In 1972, the EPA reviewed data accumulated 
during this t ime and approved the use of mi rex in the control of the 
imported f i re ant under t ight restr ict ions on method and location of 
application. During f iscal year 1972, 18,800 kg of mi rex were used in 
programs sponsored by the government (USDA, 1973). 
Environmental pol lut ion is one of the most important and contro­
versial  issues today. Man has learned to l ive and depend upon a way of  
l i fe centered around technological progress. He has also increased 
the world's food supply by el iminat ion and control  of  unwanted pests. 
This progress has however, been at a great expense to society and to 
the environment in which we l ive. The problem of the universal d istr i ­
but ion and the exchange of pest ic ides among wi ldl i fe,  the food which they 
depend on to survive, the air ,  water and soi l  of  the environment which 
surrounds them are becoming more important in pest ic ide research. 
The importance of the toxic effects of pest ic ides in the environ­
ment is a real izat ion of many individuals. However, the reduct ion of 
species diversi ty is more important than the toxic effects. "Pest ic ides, 
l ike invading al ien organisms, usual ly reduce species diversi ty within 
an ecosystem and hence increase i ts instabi l i ty" (Moore, 1967). Because 
most pest ic ides are non-specif ic,  they affect a large range of organisms 
and any el iminat ion or signif icant reduct ion in any wi ld species wi l l  
indirect ly affect others in the same ecosystem (Moore, 1967). 
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Of the various sublethal ef fects of pest ic ides which have been 
observed, few have received systematic study. Evidence of the viabi l i ty 
of offspr ing appears to be the most sensit ive indicator of the effects 
of pest ic ides in various laboratory studies. The number of  young pro­
duced by any species is an adaptat ion result ing from natural  select ion. 
Any factor al ter ing the l i fe expectancy or the survival of  the progeny 
would have an important impact on the total  ecological character of  
the organism. 
The rat has been used extensively in various toxicological studies. 
The mouse is also being used in increased numbers. Because of the com­
plexi ty and diversi ty of research, there is a constant need for new and 
adaptable laboratory animals. However, there is certainly no single 
animal species which reacts to behavior-affect ing substances in exact ly 
the same way as man. Chemicals react di f ferent ly and undergo varied 
metabol ic pathways in di f ferent organisms. There is also a need to use 
wi ldl i fe species in pest ic ide studies. Under laboratory condit ions, 
species which are newly- introduced to the laboratory may harbor char­
acter ist ics which present-day laboratory animals may not exhibi t .  
Hence, they might possibly provide more information than that which 
presently exists in research investigations (Buchalczyk, 1970). 
Brimblecombe (1968a), points out the great need for experiments using 
a number of dif ferent species. 
The sub-family Microt inae has several species which are current ly 
being invest igated as possible laboratory animals. There is information 
concerning the genus Microtus. but i t  is not extensive (Mil ler, 1969). 
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Richmond and Conway (1969) establ ished a colony of M. ochrogaster and 
obtained information on breeding, feeding and management of  these 
animals. Recause Microtus has several representat ive species in North 
America, and in view of i ts wide distr ibut ion and prol i f icacy, this 
genus seems to readi ly lend i tsel f  to the numerous pest ic ide studies 
which are now in progress on mammalian species (Richmond and Conway, 
1969). Therefore, M. ochrogaster was chosen for this study. 
The f i rst  phase of this invest igat ion explores the possibi l i t ies 
of subt le effects produced by mi rex exposure on the reproduct ive per­
formance of ^  ochrogaster.  
Data on the effects of mi rex on mammalian reproduction is very 
l imited. Oral toxicity studies were done on the rat by Gaines and 
Kimbrough (1970). Information on reproduction and survival of off­
spring was obtained. Evidence indicated that reproduction was inhibited 
at various concentrat ions of mi rex exposure, and survival rates of rats 
exposed to mi rex through uterine and placenta transfer was lower than 
that of the controls. 
In a study involving two strains of Swiss mice, reproduct ive 
effects were observed in mice fed sublethal levels of several insect i­
cides including mi rex. Trends in reproduct ive effects were observed 
in single generat ion studies of mice fed sublethal levels of insect i­
cides cont inuously. Conclusions were that the effects were subt le and 
di f f icul t  to i l lustrate (Ware and Good, I967).  
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Of the chronic effects on wi ldl i fe fol lowing exposure to pesti­
cides, reproductive inf luences have received a large deal of attention. 
Organochlorine pesticides in the diet have been shown in mammalian 
studies to inf luence l i t ter production and survival (USDI, 1968). Mi rex 
is able to cross the placental barr ier and may be passed through the 
milk of the mother to the offspring (Mi rex Advisory Committee, 1972). 
This study involves both a single generat ion and a mult igenera­
t ion study. Several reproduct ive parameters may be evaluated as a 
result  of  this approach. The Science Advisory Committee in the 
report to the President of  the United States emphasized the need for 
reproduct ive studies including mult igenerat ion studies in establ ishing 
the safety of pest ic ides. I t  was recommended that toxici ty studies on 
pest ic ides should include effects of reproduct ion through at least two 
generations of animal (Mi rex Advisory Committee, 1972). 
The f i rst  part  of  this invest igat ion was undertaken thus, to eval­
uate the chronic inf luence of mi rex on reproduct ion and survival of  
ochroqaster,  and to determine residue accumulat ion in whole body sam­
ples through the ut i l izat ion of single and mult igenerat ion reproduct ive 
studies. 
The second part of this study examines the effect of mi rex on the 
behavior of ochrogaster. Behavior is an important expression of an 
animal 's adaptabi l i ty to i ts environment. Adaptabi l i ty of an animal 
to i ts environment is of major importance because i t  enables the animal 
to survive, reproduce and maintain i ts kind. The adaptiveness of be­
havior is appropriate for the environment in which the animal l ives. 
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A stable or a least a highly predictable environment is necessary i f  
animals are to survive and reproduce. Behavior can be modif ied by the 
environment and i f  this environment is made dangerous and non-adaptive, 
as may be the effect of some pest ic ides, disastrous consequences could 
result .  The impact of  new organochlor ine pest ic ides on the environment 
moves at an excessively slow pace, because degradat ion and loss of 
organochlor ines from the environment proceeds slowly. Effects of these 
compounds on the environment may result  in death, reproduct ive impair­
ment,  disrupt ion of species balance and behavioral  al terat ions. 
Most studies on the effects of pest ic ides on behavior have focused 
on obvious changes result ing from overt neurological impairments. 
These overt  acts such as tremors or spast ic movements have been used in 
the diagnosis of  documented cases of organochlor ine poisoning. More 
subt le effects on behavior may be even more important In the analysis of 
sublethal accumulat ion of pest ic ides (Spyker et  aj [ . ,  1972). Many invest i­
gat ions support drast ic effects of acute exposure to organochlor ines, 
yet the environmental problem is not one of intense contaminat ion and 
short- term lethal effects, but that of possible universal exposure to 
levels not yet overt ly toxic (Pri tchard £t aj_.,  1973). I f  a group of 
animals are exposed to a pest ic ide and k i l led, some surviving animals 
should retain within their  bodies sublethal amounts of  the pest ic ide. 
I f  there is a loss in the compatibi l i ty of the animal to i ts environ­
ment or any deviat ion in normal behavioral  patterns, serious results 
may be experienced by that species. 
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Subtle effects are dif f icult  to study and assess and there is 
l i t t le evidence to show their importance (Moore, I967). Crabs, for 
example, may show symptoms of mi rex poisoning. i rr i tabi l i ty, uncoordi­
nated movements, loss of equil ibr ium and paralysis are some of these 
symptoms. Such affected crabs, in advanced states of mi rex poisoning, 
would have a greater chance of being attacked and consumed by predators. 
Some of the organisms may survive, but because of the lack of coordi­
nation, these animals could be swept out of estuaries by t idal action. 
Thus, affected animals could be removed from the system without leaving 
visible evidence of their condit ion (Borthwick et aj_., 1973). 
Some animals may fai l  to perform the correct motor response, and 
this could endanger the survival of the species. This may be ecologi­
cal ly important in prey species since abnormal movement makes them more 
conspicious, and therefore, they are more l ikely to be taken by preda­
tors than animals not showing these symptoms. 
Li t t le work has been done on behavioral expressions of drugs and 
chemicals which affect the central nervous system (Van Gel der et al . ,  
1970). Some investigation of pesticide effects on behavior have been 
done by Khairy (1959, I960); Medved jet £]_. (1964); James and Davis (1965) 
and Al-Hachim and Fink (I968). Mice which have been exposed to methyl 
mercury produce offspring which are overt ly normal, but signif icantly 
dif ferent from controls when tested in an open f ield and evaluated in a 
swimming apparatus (Spyker £t a_l_., 1972). In general, there have been 
relat ively few attempts to develop and ut i l ize behavioral techniques in 
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toxicology. The need exists for investigations on the effects of 
organchlorines on behavioral responses (USDI, 1968). 
Many dif ferent r^emicals including pesticides seem to specif ical ly 
alter the functional capacity of the nervous system. Sensit ive indica­
tors then, of toxic effects produced by chemical compounds^ can be 
i l lustrated by studies designed to include the refection of this system 
(Goldberg et al_., 1964; Barnes, 1964). Subcl inical effects might be 
ascertained through use of appropriate behavioral test performed before 
and after exposure to pesticides. These effects on the central nervous 
system may be ref lected in behavioral deviat ions. A study of the 
development of mammalian ref lexes could uncover patterns of behavior 
which are rel iable indicators of normal neurologic and behavioral 
development in various species (Ti lney and Kubie, 1931). Means of 
detecting alterat ions in the development of behavioral ref lexes would 
be of great signif icance in the role of categorizing pesticides as 
harmful or non-harmful to the environment. Developmental ref lex pat­
terns have been investigated in the mouse (Fox, 1965), and the dog 
(Fox, 1964), and in humans (Thomas jet £j_.,  1961). 
The purpose of this study was to determine; 1) the normal develop­
ment of specif ic ref lexes of ochrogaster, and 2) the effect of mi rex 
uptake on the development of the same ref lexes. Prospective parents 
were fed mi rex during mating, gestation and lactat ion. Therefore, the 
young could receive mi rex through the placenta, the mother's milk and 
through their food after weaning. In investigating the possible 
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inf luence of mi rex on ref lexes, i t  is hoped that information wi l l  be 
gained that could be correlated with neurological development. 
Therefore, the objective of these investigations is to provide 
addit ional information on the effect of mi rex exposure on both be­
havioral development and reproductive performance of ochrogaster, 
because 1) information about mi rex and the ecological impact of wide­
spread application is scant (Coll ins et aj_., 1973) j  2) investigations a 
st i l l  required on key vertebrate species to determine possible adverse 
effects on their brood size, behavior and survivorship, and 3) the 
possibi l i ty of subtle adverse effects on certain wi ldl i fe species 
subjected to long-term sub-ethyl residues of mi rex in treated areas 
(Mi rex Advisory Committee, 1972). By the introduction of a relat ively 
new laboratory animal in this investigation, i t  is hoped that addit ions 
information wi l l  be obtained about toxicity tolerance levels as well  as 
cumulative residue levels of mi rex, after long-term chronic exposure. 
Ruff  in (1963) stated that behavioral  toxicology should be rated 
close to the top of the hierarchy of toxici ty study cr i ter ia,  and that 
some environmental toxicologists should evolve into behavioral  toxi-
cologists.  This study attempts to combine both behavior and toxicology 
with the possible environmental impl icat ions of the results.  
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CHAPTER I I .  LITERATURE REVIEW 
Mi rex (Dodecach1orooctahydro-1,3,4-metheno-2H cyclobuta [cd]-penta-
lene) is related to the large group of pesticides which are common1 y 
referred to as organochlorines. The chemical formula of mi rex is 
and the compound is a closed 10-carbon structure with al l  
valence points chlorinated. I t  is a white crystal l ine, free-f lowing, 
odorless sol id with a molecular weight of 545.6 and a melt ing point 
of 485° C, at which decomposit ion occurs. Mi rex is insoluble in 
water, but is soluble in organic solvents as benzene, carbon tetrachlo­
r ide, dioxane, methyl ehtyl ketone and xylene. This insecticide is 
nonflammable and is unaffected by sulphuric, ni tr ic or hydrochloric 
acid. Mi rex is also non-corrosive, very stable and has a density of 
2.020 + ,005 g/cc at 24.3° C. (Al l ied Chemical Corporation, 1971; 
World Health Organization, 1974). 
In the mid-1940's, mi rex was synthesized in the laboratory, and 
in 1958, mi rex became avai lable for sale in commercial quanti t ies. 
Mi rex is made by the dimerizat ion of hexachlorocyclopentadiene in the 
presence of aluminum chloride (World Health Organization, 1974). 
Mi rex is used predominantly in the control of the imported f i re 
ant, Solenopsis saevissima r ichteri  Forel.  The insecticide has also 
been used against leaf cutters in South America, harvester termites 
in South Afr ica, Western harvester ants in the United States and 
yel low jackets in the United States (Vaughn, 1971). 
12 
The commercial1y prepared product for direct application is 
formulated by dissolving mi rex in soybean oi l ,  and later spraying 
i t  onto corncob gri ts. The end product is an insecticidal bait  made 
up of 0.3 percent mi rex, 14.7 percent soybean oi l  and 85 percent 
corncob gri ts (Mi rex Advisory Committee, 1972). 
Since I963, mi rex has been used in nine southeastern states in­
cluding Florida, Georgia, South Carol ina, North Carol ina, Alabama, 
Mississippi, Louisiana, Texas, and Arkansas (Lofgren et ,  1964). 
I t  is applied at the rate of 1.25 lb per acre; 125 lbs of the com­
mercial product contains 1.7 gm of mi rex. 
Residues in the Environment 
Soi ls 
In pastures treated with 1.7 gm of mi rex per acre, residues of 
this insecticide have been found at levels of 0.1 to 10 ppb (Coll ins 
et ,  1974; Marki n et £j_., 1972b). Residue levels of 0.01 to 21 
ppb were reported in the samples taken from drainage ditches and bottom 
of ponds in areas where mi rex had been used (Markin e_t ,  1972b). 
Van Val in et al.  (1968) found mi rex levels of 0.09 to 32.7 ppm 
in mud samples taken from farm areas exposed to mi rex. In f ield 
studies of Borthwick et £l^. (1973), mi rex residues of 0 to 0.07 ppm 
were obtained. 
Water 
In ponds that had been pretreated with 0.1 and 1.0 ppm mi rex, 
residue levels of 0.5 to 1.0 ppb were obtained (Van Val in et al. .  
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1968; Coll ins e± cHL., 1973; Borthwi ck ^  £1^., 1973). Because 
mi rex is insoluble in water the residues reported were probably ad­
sorbed on part iculate matter suspended in water (Mi rex Advisory Com­
mittee, 1972). 
The level of mi rex residues in terrestr ial plants and phyto­
phagous animals taken from mi rex-treated areas have been extremely 
low (<0.05), though certain aquatic algae contained relat ively 
high values of mi rex as compared to residues in surrounding bottom 
sediment and water (Mi rex Advisory Committee, 1972). 
Animal s 
Mi rex, which was specif ical ly developed to control the imported 
f i re ant, is thought unti l  recently to be non-toxic to non-target 
organisms. Recent work indicates environmental persistence and lends 
support to the idea that ecosystem disruption may also be associated 
with mi rex use. In the past few years, mi rex residues have been 
found in various non-target organisms (Butler, 1969; McKenzie, 1970; 
Marki n £t £l_., 1974a,c). 
Naqvi and de la Cruz (1973a), reported various levels of mi rex, 
general ly less than 1 ppm, in animals col lected from several habi­
tats in Mississippi, They col lected Jd samples which represented 
some 42 species of invertebrates, 3 species of f ish and 1 frog tad­
pole. 
Starl ings were col lected from seven Southeastern states in 1970, 
(North Carol ina, South Carol ina, Mississippi, Louisiana, Alabama, 
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Georgia and Florida). Ten birds from each sampling si te were pooled 
for analysis. Residues present in 10 of the 13 samples pools ranged 
from 0.10 to 1.66 ppm. There was a direct correlat ion between high­
est levels of mi rex found in starl ings and the states which had been 
exposed to high levels of mi rex application (Oberheu, 1972). 
Mi rex levels were monitored in estuaries between Columbia and 
Charleston, South Carol ina. The monitored area did not receive mi rex 
directly. Levels of 0-0.60 ppm were found in crabs, 0-0.82 ppm in 
shrimp, 0-17.0 ppm in birds and 0-4.4 ppm in mammals (Borthwick et al . ,  
1973). 
McLane et aj^. (1973) reported mi rex concentrat ions ranging from 
0.76-16.93 ppm in the wings of woodcock. Samples were taken from 11 
states during 1970 and 1971. The diet of these birds is basical ly 
animal material,  primari ly earthworms; hence, they can be used to 
measure pol lut ion in an important terrestr ial food chain. There was 
a strong regional dif ference with concentrat ions of mi rex being greater 
in the southern states as opposed to the northern states surveyed, 
Markin £l^. (1974b) set up a l imited monitoring program on 
Cat island which was located 6 miles off  the coast of Gulfport,  
Mississippi. When this study indicated that detectable mi rex resi­
dues were occurring in non-target organisms, a more extensive study 
covering 20 dif ferent species of organisms as well  as soi l ,  water 
and sediment was done. 
High residues (5.68-58.1 ppm) were found in ants, cr ickets and 
cockroaches immediately fol lowing the ini t ial  application, and 
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indicated that these organisms must have been feeding directly on 
the mi rex bait .  Similar levels were found in f ish such as catf ish 
and mullet,  suggesting that these organisms also were feeding direct-
1 y on the bai t .  
Mi rex was also discovered in shrimp, oyster, f iddler crabs, l izards, 
toads and spiders. These organisms showed a gradual increase in the 
level of mi rex residue after the ini t ial  application. 
Another study was conducted in a shal low, 2-acre, salt  water pond 
in an upper sand dune part of the island with no connection to the bay 
except during high t ides. The insecticide level before the third ap­
pl ication of the pesticide, revealed mi rex levels in shrimp and crabs 
of 0.31 to O.UO ppm. Fol lowing this application there were indica­
t ions of an increase in residue levels up to 1.15 to 1.26 ppm in 
shrimp and crab populat ions. There was a complete disappearance of 
shrimp in the pond, and 50 percent of the col lected crabs were either 
dead or paralyzed 17 days after mi rex application. These investiga­
tors also pointed out that although this site was atypical,  i t  did 
suggest that high levels of mi rex are potential ly dangerous to 
crustaceans. 
Kaiser (1974) reported the detection of mi rex in f ish samples 
in an area which was dist inct ly remote from any f ield application of 
this insecticide. Fish samples from the Bay of Quinte, located on 
the Northern side of Lake Ontario were found to contain mi rex resi­
dues. Kaiser hypothesized that contamination might have resulted 
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from 1) pol luted waterways connecting to areas in which the samples 
were located, 2) impurit ies in other chemicals either used or manu­
factured near the sampling location, or 3) possible distr ibution of 
mi rex through the atmosphere, a principal means of spreading com­
pounds with low water solubi l i ty. Kaiser concluded that perhaps 
mi rex is another widespread environmental contaminant of extremely 
high geochemical stabi l i ty with yet only superf icial ly investigated 
biological act ivi t ies. 
Naqvi and de la Cruz (1373a) conducted bioassay tests of selected 
freshwater invertebrates in farm ponds near areas where f i re ant 
control programs were in effect. They found species of amphipod, 
dragon f ly nymphs, a gyrinid beetle, water str iders and shrimp con­
taining detectable mi rex residues. They also found evidence of de-
1ayed mortal i ty. 
Baetcke ^  (1972) found mi rex residues in deer, birds, arthro­
pods, beef, cow's milk, bird's eggs, earthworms, si lage and fescue 
from samples of wi ldl i fe in Mississippi. 
From these investigations i t  is obvious that mi rex is accumulating 
in the environment with detectable residues, and in some cases, in 
appreciable amounts in.a variety of organisms. 
Natural food chains 
There is some evidence that mi rex may be transferred by means of 
translocation from the soi l  of growing plants to root and fol iage 
(Markin et ai l_.,  1972b). One type of vegetation common to tropical 
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estuaries is the mangrove plant which serves as a habitat as well  as 
a food source for many animals. I t  is consumed as l iv ing material or 
detr i tus by a variety of animals. 
Walsh e_t (1974) looked at translocation patterns of mi rex 
and some other organochlorine pesticides in mangrove seedlings in an 
effort to determine whether or not these chemicals could become a 
part of the estuarine food web. The seedlings treated at 11.20 kg/ha 
showed detectable levels of mi rex, while seedlings treated with dosages 
below this level (0.06-5.60 ppm) did not. Within 2 wks. of exposure, 
mi rex was distr ibuted equally throughout the plant. After this t ime 
period there was a decrease in the level of mi rex. After 6 wks. 
there were no residues of mi rex in leaves and only 0.03 ppm in the 
roots. Walsh jet aj_. (197^) concluded that mi rex could be translocated 
to seedlings and suggested that i f  plants are eaten by estuarine 
organisms, mi rex could indeed pass to higher trophic levels. 
Mehendale e^ (1972) placed two-wk.-old pea and bean plants 
in water containing 1, 5 and 10 ppm mi rex-for a period of 48 hrs. 
Mi rex was concentrated by pea and bean roots and smaller amounts were 
translocated to the aerial parts. Uptake in the roots of pea plants 
was 6.4, 40.6, and 71.2 ppm at exposure levels of 1, 5 and 10 ppm 
respectively. Uptake in bean roots was 8.4, 45.3, and 101.6 ppm at 
exposure levels of 1, 5 and 10 ppm respectively. This evidence sug­
gests possible uptake under f ield condit ions. 
In an effort to determine the inf luence of residues in a fresh­
water ecosystem, mi rex was appl ied by aerial treatment at 0.85 gm/acre 
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(Wolfe and Norment, 1973). The rate of application in this study was 
lower than that of the usual 1.7 gir/acre standard used in the control 
of the imported f ine ant. This area of the Mattubby Creek Watershed 
in Mississippi had not been treated with mi rex for 3 yrs. prior to 
the study. After treatment, increased levels of mi rex were found in 
crayfish. The level found in the invertebrates remained low compared 
to previous studies. In contrast, residue levels in stream f ish in­
creased 2 to 20 t imes after treatment. Strat i f icat ion of residue 
levels were noted in mammals in relat ion to their food habits. Str ict 
herbivores had the lowest level, omnivores intermediate, and insec-
t ivore-carnivores the highest. 
Ludke £]_. (1971) points out that mi rex gri ts are consumed 
directly by organisms as ants, cr ickets, wood roaches and ground 
beetles. Spiders, repti les, amphibians, insectivorous birds and mam­
mals may consume these contaminated organisms. The insecticide may 
move through the environment by way of immigrating organisms, being 
leached from the bait,  being carr ied by wind currents or being washed 
into aquatic environments. 
Tagatz (1968) concludes that species of freshwater and estuarine 
communit ies (crayfish, r iver shrimp, penaeid shrimp, f iddler crabs, 
and blue crabs) may accumulate mi rex by consuming detr i tus and sedi­
ments. Crustaceans may be eaten by f ishes, birds and mammals. The 
mammals may also consume f ishes. 
Levels of mi rex which have been obtained for various animal 
species are 1) cr ickets and woodroaches, 10-30 ppm, 2) spiders, 1 ppm. 
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3) amphibians and repti les, 1-5 ppm, 4) birds, 1 ppm, occasionally 
as high as 10 ppm, 5) catt le egrets eggs, 13 ppm, and 6) most mam­
mals, 1 ppm (Mi rex Advisory Committee, 1972). 
Because of vast areas subjected to mi rex under the f i re ant 
control program and the large number of organisms which have been 
found to contain the insecticide, i t  is clear that mi rex is indeed 
reaching non-target organisms. i t  can also be concluded from data 
based on the previous investigations that mi rex can be transferred 
through food chains involving two or more organisms. 
Residues in Food Consumed by Man 
Plants 
Markin et aj_. (1972b) reported that smallest amounts (0.3-17 
ppm) appear to be found in plants. 
Aquatic organisms 
Coll ins et al_. (1973) treated a f ish pond and surrounding drain­
age area with mi rex. Catf ish were introduced into this area 5 days 
before treatment. One group of catf ish was placed in wire cages and 
fed only commercial food. An uncaged group was al lowed to feed on 
natural foods such as minnows, crayfish, and insect larvae. There 
was a bui ldup of mi rex levels in the uncaged catf ish. In contrast, 
caged catf ish had no detectable amounts of mi rex. The investigators 
hypothesized that the uncaged catf ish acquired al l  their mi rex through 
the food chain since al l  the organisms analyzed (minnows, mosquito 
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f ish, cricket frogs, tadpoles, crayfish and dragonfly nymphs) con­
tained detectable levels of mi rex. 
Bass and bream have been found with residues less than 0.5 ppm, 
and wi ld catf ish and mullet with 1 to 5 ppm (Baetcke et ,  1972). 
Pri tchard et a_l_. (1973) found up to 0.11 ppm mi rex in winter 
f lounder. Since winter f lounder retain the majori ty of pesticide in 
muscle, f ish from the highly contaminated areas could be heavi ly 
loaded and hence potential ly dangerous for terminal consumers, in-
cluding man. 
Because crayfish are economical ly important in Lousiana, Ludke 
et £j_. (1971) made efforts to determine crayfish sensit ivi ty to low 
concentrat ions of mi rex in water and in bait granules containing 
mi rex. Animals exposed to 1 ppb in water for a period of 144 hrs. 
approached 100 percent mortal i ty in 5 days. Exposure for 6, 24 and 
58 hrs. at 5 ppb for 10 days yielded 26, 50 and 98 percent mortal i ty 
respectively. Organisms continued to die after being removed from 
the mi rex providing evidence of delayed mortal i ty. 
Feeding test data indicated that both juvenile and adult cray­
f ish suffered high mortal i ty after consumption of only 1 or 2 granules 
of mi rex (Ludke et 1971 ) • These investigators emphasized 1) that 
mi rex is a potential pol lutant in that i t  is resistant to degradation, 
and 2) that i t  may contaminate water by leeching into aquatic habitats 
adjacent to treated areas. 
Markin et al.  (1972a) fol lowed the investigation of Ludke et al .  
(1971) with a f ield study of the edible red crawfish. They tr ied to 
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determine i f  unexpected populat ion decl ine, which had been observed 
by farmers who commercial ly raise crawfish, might be due to mi rex 
accumulation by the organism. Mi rex levels around the farm ponds 
were below the 1- to 8-ppm level reported to have ki l led juvenile 
crawfish in the laboratory (Ludke e^ 1971 ) .  They concluded that 
populat ion decl ines in the crawfish were not attr ibuted to levels of 
mi rex in the environment. 
Bi rds 
Because, in certain instances, a number of pesticides have been 
found in f locks of broi ler chickens, Putnam et ail_. (1974) introduced low 
levels ( I  ppm) of several pesticides in feed and soi l .  The pesticide 
was mixed with soi l ,  feed, or a combination of feed and soi l .  At the 
end of the investigation, feed, soi l ,  water, l i t ter dust and fat 
samples were analyzed. The highest levels of al l  pesticides in 
broi ler t issue, including mi rex (1.09 ppm), were found in treatments 
where both feed and soi l  were contaminated with high levels of the 
pesticides. Wood shavings which had been pesticide free from the 
start,  contained detectable levels at 6 wks. Tissue residues above 
the Alabama caution level were found in the mi rex treatment (0.09 
ppm) after 8 wks. exposure of 0.03989 ppm in feed. Dust col lected 
from the walls of the pens also had detectable residues of al l  
pesticides tested. This indicated movement of contaminated materials 
through the ai r .  
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Medley et £]_. (1974) exposed roosters ( leghorn) to four levels of 
mi rex (0.007, 0.06, 0.71, or 7.21 ppm) for a period of 20 wks. One roost 
er from the control and each of the four experimental groups was sacri­
f iced every 4 wks.for 20 wks. After 20 wks., some roosters were removed 
from the mi rex diet and sacri f iced every 2 wks. for a period of 12 wks. 
The others remained on the mi rex diet and were sacrif iced after 26 
and 32 wks. of mi rex exposure. Mi rex showed considerable accumulation 
in fatty t issue. At 7.21 ppm, fat saturation was reached in 26 wks. 
There was a correlat ion between the amount of mi rex fed and the amount 
of residue accumulated with t ime. Twelve wks. after the ini t ial  re­
moval of the roosters from the mi rex diet, nearly half  the mi rex from 
breast, l iver, kidney and fat had disappeared. 
Matrmial s 
Because mi rex is so stable and can be stored in fat,  i t  is 
possible that catt le grazing on treated pastures could accumulate 
residues of this insecticide. Ford ^  aj_. (1973) took samples of 
beef fat from grazing areas under the f i re ant control program. 
Analysis revealed mi rex residues in 88 percent of the samples with 
levels ranging from 0.001 ppm to 0.125 ppm. 
Mi rex Metaboli  sm 
de la Cruz and Naqvi (1973) subjected dif ferent aquatic inverte­
brates to mi rex and found variabi l i ty among dif ferent species for given 
periods and levels of mi rex exposure in uptake. Photosynethetic 
inhibit ion of planktonic algae occurred at exposure levels of 1 ppb. 
23 
In plankton populat ions, 16 percent and 33 percent synthetic inhibit ion 
occurred at 6 and 18 days respectively. In pure cultures of 
Chiamydomonas, 55 percent photosynthetic reduction occurred after 
exposure to 1 ppm mi rex for 168 days. At low concentrat ions of mi rex, 
respirat ion rates of various plankton increased up to 62 percent, 
but decreased up to 50 percent at high concentrat ions or extended 
exposure at low concentrat ions. 
Mi rex was one of six dif ferent pesticides subjected to an in­
vestigation of the overal l  quanti tat ive degradation and accumulation 
(Metcal f  et 1973). The results indicated that mi rex is one of 
the most stable pesticides. Using audioradiographic techniques only 
unchanged mi rex was found in extracts of organisms. Mi rex was stored 
as 98.6 percent of the total (1.74 mCi/mmole) in Gambusia, 99.6 
percent in Culex, 99.4 percent in Physa, and 97.9 percent in 
Oedoqonium. 
Metcal f  £t £l_. (1973) concluded that mi rex is a highly persistent 
micropollutant. An important aspect of this persistence is the po­
tential for ecological magnif ication of mi rex in food chains. Eco­
logical magnif ication in organisms of the food chain appears to be 
the most pernicious environmental effect result ing from the general 
usage of the organochlorine pesticides. Bioconcentrat ion results from 
the high l ipid and low water insolubi l i ty of mi rex, and from resis­
tance to degradation by the mult i function oxidase enzymes through 
which organisms protect themselves against xenobiot ic pol lutants. In 
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f ish, the water insolubi l i ty of highly l ipid soluble pesticides is 
l ikely to be the key driving force in producing l ipid storage by means 
of successive part i t ionings from water to blood and blood to t issue 
l ipids (Metcal f  et ,  1973). 
Pri tchard et aj_. (1973) exposed winter f lounder to mi rex by in­
ject ion into the caudal vein. Mi rex gave no evidence of metabolism. 
Extracts of al l  t issues and f luids, except urine, contained primari ly 
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unaltered mi rex- C. Thus, winter f lounder, retaining a large frac­
t ion of mi rex and typifying the concept of bioconcentrat ion, are 
essential ly unable to reduce the toxicity of the retained pesticide. 
Mice and rats were exposed to mi rex by intraperitoneal inject ions 
or through prepared food (Baker e_t £j_.,  1972). Intraperitoneal in­
ject ions of 5, 10, 15, 25 or 100 ppm were given at 24, 48 and 72 hrs. 
The animals were fed pel lets containing 1-250 ppm of mi rex for a 
period of 14 days. 
In both mice and rats there was a signif icant increase in hepatic 
cytochrome P-450 levels and l iver weights in experiments involving 
intraperitoneal inject ions. Mi rex introduced by way of pel leted 
food resulted in an increase in smooth endoplasmic ret iculum of l iver 
cel ls. The authors concluded that mi rex is an inducer of hepatic 
microsomal enzyme synthesis and that mi rex should be used with caution 
unti l  the physiological signif icance and the practical impact on human 
health of this induction could be further explored. 
25 
MehendaJe et £j_. (>973) exposed white rats by means of oral 
intubation to mi rex at concentrat ions of 5, 10, 25 or 50 ppm for 5 
days. There was considerable l iver enlargement at al l  four dose-
levels of mi rex. Mi rex effects on ani l ine hydroxylase, p-nitro-
anisole-O-demethylase, ethyl morphone-N-demethlase, and UDP-gluc-
ruonyltransferase activi t ies in the l iver were studied. The metabo­
l ism of each of these substrates was altered by each dose of mi rex. 
Mehendale concluded that chronic low doses of mi rex seriously alter 
the hepatic mixed-function oxidase systems of the l iver in exposed 
animals. 
Ivie e^£l_. (1974b) investigated mi rex absorption, distr ibution 
and excretion by animals exposed chronical ly to the insecticide. Rats 
were given feed containing 0.3, 3 or 30 ppm of mi rex for a period of 
6-12 months. Quail  were put on concentrat ions of mi rex of 0.3, 3 or 
30 ppm at 6 wks. of age. Mosquito f ish were fed a diet containing 
50 ppm mi rex. I  vie and co-workers found no evidence of mi rex 
metabolism and suggested that mi rex is probably the most biochemical ly 
stable organic pesticide known. 
Mi rex levels were very high in the adipose t issue of rats and 
quails. After 16 months, adipose t issue levels measured 120- to 200-
fold greater than dietary intake levels. There was no indication of 
a plateau level being reached. In rats, the body burden of mi rex 
dissipated very slowly. 
After 56 days of treatment, whole body levels of mosquito f ish 
were approximately 50 ppm. In one group which was removed after 15 
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days exposure, a period of 30 days was required for residues to dis­
sipate by 50 percent and after 300 days 25 percent of the mi rex was 
st i l l  retained within the f ish. Residue levels decl ined by only 40 
percent in female rats after being returned to a normal diet for a 
period of 10 months. 
In quail  examination of several reproductive parameters as egg-
hatch, chick growth and survival showed that high levels of mi rex in 
yolk (200 ppm) caused no adverse effects. Dietary mi rex was excreted 
through the yolk. 
Mehendale _et £]_. (1972) fed male rats a single dose of 6 ppm of 
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mi rex- C and found that i t  was el iminated primari ly through the feces 
with 45 percent being el iminated within 49 hrs. after administrat ion. 
After 48 hrs., the level of mi rex in the feces fel l  off  rapidly. After 
7 days 34 percent of the mi rex remained within the body of the rat. 
These facts suggest that once the pesticide is absorbed, i t  is stored 
in the body and excretion proceeds very slowly. I t  is also apparent 
that animals environmental ly exposed to very low levels of mi rex can 
concentrate high levels in their adipose t issue and that this mi rex 
could be recycled upon death of the organism. Metabolism of mi rex 
was not detected in this study. 
Lactating Jersey cows received 0.2 ppm of mi rex in their diet 
for 28 days (Dorough and I  vie, 1974). Mi rex residues in feces 
reached a maximum of 50 percent of the consumed dose after 3 wks.and 
remained at that level unti l  treatment was terminated. An addit ional 
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3 percent was el iminated in the feces in the 28-day post-treatment 
period. Mi rex reached equil ibr ium in the milk about 1 wk. after 
treatment was begun. Analysis of the milk indicated that 10 percent 
of the administered dose was el iminated dai ly by this route after an 
equil ibr ium of 0.058 ppm. After removal of the animal from mi rex for 
one wk.j  residue levels dropped to 0.006 ppm. 
Rep réduction 
Laying White Leghorn chickens and Japanese quail  were exposed 
to various mi rex levels in experiments by Davidson (1975). 
White Leghorns were exposed to 0.5, 10, 20, 40, 80 or 160 ppm mi rex 
for 12 wks. Levels for the Japanese quail  were 5, 40 or 80 ppm for 
12 wks. Body weight, the number of eggs produced, number of eggs 
cracked, eggshell  thickness and eggshell  calcium were recorded. 
At the termination of the experiment, mi rex residues in the 
carcasses of the chickens and quail  were 5 t imes that of the diet. 
Hatchabil i ty and fert i l i ty were not affected in either species. 
Dietary mi rex at these levels did not affect egg production, egg 
weight, shel l  thickness, shel l  calcium, the proport ion of broken 
eggs, or the proport ion of soft-shel led eggs in either chickens or 
quai 1. 
14 Ivie _et a_[. (1974a) administered mi rex- C as a single oral dose 
to adult male and female Japanese Quail .  The treatments were equi­
valent to 1.2 ppm for the male and 1.1 ppm for the female. During a 
84-day, post-treatment period, the nature and levels of residues in 
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the excreta, eggs and t issue were determined. They found no observ­
able toxic symptoms and egg production remained the same in experi­
mental groups and controls. Mi rex was rapidly absorbed from the 
digestive tract. The female el iminated 12 percent of the dose by 
way of the feces. Twice this amount was detected in the feces of 
the male. El imination appeared to be essential ly complete by 7 
days. 
Approximately 50 percent of the dose occurred in the yolks of 
eggs laid during the f i rst week after treatment. After 84 days, 85 
percent of the dose had been el iminated from the body via the yolk. 
Whole-body analysis revealed that male and female quail  retained 
mi rex in the body throughout the 84-day study. Analysis of al l  ex­
tracts revealed the presence of only unmetabolized mi rex. The large 
amount of mi rex appearing in the egg yolk suggested that mi rex may 
be transferred through eggs to succeding generations. 
I  n a study ut i l iz ing wild mallards (Hyde ^  aj_., 1973) mi rex, 
in concentrat ions of 1 and 100 ppm in the diet, did not alter egg 
production, eggshell  thickness and eggshell  weight. The authors 
found however, signif icant dif ferences, among treatment-groups and 
controls, in duckl ings surviving a 2-wk. post-hatch period. The 
percent of duckl ings surviving a 2-wk. post-hatch period was 72.6 
in the 100 ppm treatment, compared to 93.8 and 95.7 for the 1 ppm 
and control groups, respectively. The amount of mi rex accumulating 
in the eggs was 2.8 t imes the amount in the diet. The authors 
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concluded that a deleterious associat ion existed between residue 
concentrat ion in eggs and subsequent duckl ing survival.  
In laying hen exposed to 300 and 60G ppm in their diet, egg 
production was not reduced during the f i rst 12 wks. of mi rex intake 
(Naber and Ware, 1965). Chicks from hens of both treatment showed 
reduced survival;  fewer chicks hatched and many of those that hatched 
later died. Egg yolk levels (620-628 ppm at 300 ppm exposure, and 
1,864-1,905 ppm at 600 ppm exposure) of mi rex reached a maximum on 
or before the 5th wk. of the experiment. 
Ware and Good (196?) exposed rats to a diet of 5, 10, 50 or 250 
ppm mi rex for 30 days. After this period, the rats were randomly 
paired and continued on the same diet for 90 days. At 9, 14 and 60 
days exposure, 100 percent mortal i ty occurred for rats and with diets 
containing 250, 50 and 10 ppm respectively. The animals on the 5 ppm 
diet had mortal i ty similar to that of the controls and reproduction 
was near normal. In order to substantiate the apparent lack of 
toxicity of the 5 ppm exposure, the experiment was repeated using 
larger numbers of animals and only two groups, a control group and 
one fed a diet containing 5 ppm mi rex. In this experiment, mi rex 
signif icantly increased parent mortal i ty and reduced fert i l i ty, 
fecundity, and the size of the f i rst and fol lowing l i t ters. The 
authors concluded that reproductive effects occurred in single genera­
t ion mice fed 5 ppm of mi rex in diet continuously. 
Gaines and Kimbrough (1970) studied the effects of mi rex on 
adult and suckl ings rats. The one-dose oral LD^g for females was 
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365 ppm. The 90-dose oral LD^Q  was 6 ppm. Fewer offspring were 
born al ive and fewer survived to weaning in groups exposed to 25 
ppm for 45 and 102 days. Many of these offspring developed cata­
racts and mi rex levels of 11.3 ppm were detected in their stomach 
contents. This indicates that mi rex passes through the placenta 
barrier. Fetuses taken on the 19th day of gestation (whole-body) 
contained from 0.14 to 0.45 ppm mi rex. Adults exposed to 5 ppm 
for 102 days produced pups with no cataracts and the number of ani­
mals born al ive and the survival rate to weaning were also normal. 
Behavioral Aspects 
Adult Blue Crabs were exposed to mi rex concentrat ions of 0.05-
0.25 ppb for periods ranging from 15 min. to 16 hrs. (Schoor, 1971). 
Response to the toxicant progressed through increased aggressiveness 
to decreased aggressiveness. Although some crabs survived and re­
covered, there was usually a progressive loss of equil ibr ium and 
death. 
Ludke e_t £l_. (1970 reported that crayfish were very sensit ive to 
low concentrat ions of mi rex in water as well  as to mi rex in bait gran­
ules. Crayfish were exposed to mi rex concentrat ions in water of 1 and 5 
ppb for 6-144 hrs. They were then transferred to tap water, and held 
in 15-gal. aquaria for 10 days. Crayfish exposed for 144 hrs. to 1 
ppb approached 100 percent mortal i ty in 5 days. Exposure to 5 ppb 
for 6, 24 and 58 hrs. produced 26, 50 and 98 percent mortal i ty 
respectively 10 days after ini t ial  exposure. 
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Addit ional crayfish were placed in two glass aquaria containing 
tap water and 10 granules of mi rex bait .  The bait  was enveloped in 
f i l ter paper and screen wire, thus preventing the consumption of the 
bait by the crayfish. Mortal i ty increased greatly in 3 days and after 
7 days al l  but one mi rex-exposed crayfish were dead, while only one 
of 20 control animals had died. The data from this experiment indi­
cated that mi rex could also cause death in crayfish by leeching of 
the mi rex from the bait granules to the water. 
Some crayfish were fed one granule of mi rex bait  (0.3 percent 
act ive ingredient) to crayfish. The greatest increase in mortal i ty 
occurred during the 2nd and 3rd days (55 to 61 percent). Crayfish 
were also fed 2 granules of mi rex bait in a later study and al l  
individuals died. Mi rex caused a low percentage of mortal i t ies 
ini t ial ly, however continuous mortal i ty exhibited in al l  tests showed 
the delayed toxicity of mi rex. Exposed organisms also exhibited 
ini t ial  hyperactivi ty, fol lowed by sluggishness, and loss of appeti te 
and coordination. The Mi rex Advisory Committee (1972) stated that 
mi rex may effect estuarine crustaceans by causing i rr i tabi l i ty, loss 
of equil ibr ium, paralysis and death. 
M. ochroqaster 
M. ochroqaster, the prair ie vole has in the recent past been con­
sidered unadaptable for laboratory work (Fitch, 1957), however in­
creasing reports indicate that i t  is an adaptable, manageable ani­
mal capable of withstanding many experimental treatments (Gier 
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and Cooksey, 1967). Richmond and Conway (1969) pointed out that this 
animal is ideal ly suited for studies on cytogenetics, water metabolism, 
behavior and probably other areas of investigation. With the increased 
interest in experimental laboratory studies in such areas as popula­
t ion biology, ecology and behavior, another mammalian species showing 
cycl ic f luctuations in populat ion size should be of great value. 
Attr ibutes substantiat ing that Microtus could be a valuable laboratory 
animal are 1) absence of odor, 2) relat ive ease of handling, 3) high 
reproductive rate, k) good survival,  5) easy maintenance, 6) absence 
of pugnacity, and 7) avai labi l i ty of several North American species. 
This animal would seem to readily lend i tself  to numerous pesticide 
studies which are now ut i l iz ing only a few mammalian species 
(Richmond and Conway, 1969). 
Ecology 
The microtines are distr ibuted world wide and may be found at 
extremes of alt i tudes, temperature, and aridity; they occupy nearly 
every major habitat avai lable. Gier and Cooksey (1967) reported 
that M. ochroqaster is present in variable numbers throughout the 
mid-continent grasslands from Ohio to Colorado and from the prair ie 
provinces of Canada, south to Oklahoma. Hall  and Kelson (1959) 
stated that M. ochroqaster occupies the tal l  grass prair ie region 
from central Kansas eastward. Getz (1962) suggested that the meadow 
vole, Microtus pennsylvanicus is characterist ic of low marshy areas 
while the prair ie vole is found in drier upland situations. In 
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regions where only one species occurs, i t  may be found in both moist 
and dry situations. Mil ler (1969) also reported that M. ochrogaster 
is found in drier areas. 
M. ochrogaster affects the vegetation where i t  is found perhaps 
more than any other native vertebrate animal, in that their diet 
consists of the grasses in the regions where they are found. M. 
ochrogaster is also an important food source for most of the verte­
brate predators (Fitch, 1957). Incorporation of pesticides into 
this animal would result in i ts dissemination into the food chain 
of many organi sms. 
Fitch (1957) also stated that individual M. ochrogaster 
normally confines their act ivi t ies to an area of less than 1 acre. 
Voles may overlap in their home ranges and also in foraging trai l-
ways. Tolerance is shown, and int imacy and lack of antagonism is 
displayed by these animals. The fact may indicate that they are used 
to l iv ing together amicably in the same nest chamber. They construct 
nests in underground burrows for their young. Krebs £].• (1973) re­
ported that males tested by paired round robin encounters in neutral 
arenas were more aggressive when populat ions levels were highest in 
lab colonies. Scudder e^ aj_. (1967) reported that females with newborn 
were far more aggressive than other voles. 
Reproduction 
The f i rst inclusive study on aspects of reproduction and develop­
ment of the prair ie vole was done by Fitch (1957)• Social behavior. 
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sexual behavior, breeding, gestation period, number per l i t ter, 
growth rate of adults and pups, and the care and early development 
of the young were investigated. Richmond and Conway (1969) obtained 
extensive information concerning the breeding, feeding and manage­
ment of the animals in captivi ty. They reported that _M. 
ochroqaster is an induced ovulator with coitus providing the st imula­
t ion for ovulat ion. Females of this species do not show estrous 
cycles or spontaneous ovulat ion under laboratory condit ions. Stehn 
and Richmond (1975) also reported that Microtus has a non-cycl ic, 
male-induced estrous period. Clulow and Mai lory (1970) stated that 
induced ovulat ion may be a general feature of the genus with high 
adaptive value. In species which are induced ovulators, recovery 
from low populat ion density is enhanced in that the chances of fer­
t i le mating may be very high even i f  encounters among animals remain 
i  nfrequent. 
Laboratory voles do not show any evidence of seasonal variat ion 
in reproductive patterns, and hence under natural condit ions, some 
reproductive act ivi ty can occur throughout the year. However, re­
productive activi ty for specif ic months seem to vary greatly from one 
season to another (Fitch, 1957). 
Krebs £j_. (1973) concluded that the most common method of in­
creasing the reproductive rate of Mi crotus is by extending the breed­
ing season which may continue through the winter. Corthum (1967) also 
reported that the vole may breed throughout the year. Gier and Cooksey 
(1967) stated that the main breeding seasons are in the Spring and Fal l ,  
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but that they may breed under favorable condit ions throughout the year. 
The incidence of breeding is highest when temperatures are moderate 
and both water and foods of prepared sorts are plenti ful.  
Gestation has been reported to be 21 days (Fitch, 1957! Corthum, 
1967; Gier and Cooksey, 1967). Stehn and Richmond (1975) calculated 
gestation t ime as the interval from pair ing minus the 2 to 3 days re­
quired for estrous induction and breeding. The interval from f i rst 
pair ing to birth was 23.9 + .02 days. Pair ing under condit ions of 
adequate temperature, ample fcod and water resulted in conception 
rates of 87 percent. Fitch (1957) reported that females usually be­
came pregnant again a few days after giving birth, while Gier and 
Cooksey (1967) stated that mating occurred within a few hours after 
partuit ion. Fitch ( I967) also reported that the average interval be­
tween l i t ters was 27 days. 
Fert i l izat ion may occur in M. ochroqaster well  before implan­
tat ion as the female seems to pass through steri le cycles before 
becoming pregnant. Pregnancy may occur between 7-1' wks. of 
age (Scudder et ,  1967). Males may reach sexual maturi ty in 42 to 
45 days, females from 34 to 40 days (Gier and Cooksey, 1967). 
The average number of pups born per l i t ter has been reported 
as 3.2 (Mart in, 1956), 3.3 (Stehn and Richmond, 1975), 3.9 (Corthum, 
1967, Col vin and Col vin, 1970), 4.2 (Scudder et ,  I967) and 4.5 
(Gier and Cooksey, I967). 
Shil l i to (1963) studied the exploratory behavior of voles and 
pointed out the importance of movement (running, walking, nosing, 
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and touching) in the vole's abi l i ty to obtain knowledge of the topo­
graphy of the area in which they l ive. Smell and st imulation of the 
vibrissae are especial ly important in exploration. Sight is important 
for confirming spatial clues, and their sense of hearing seems to be 
used for the identi f icat ion of specif ic sounds. 
Scudder £t (196?) investigated neonatal behavior of several 
strains and genera of mice including M. ochrogaster. The fol low­
ing tests were carr ied out on each l i t ter beginning the f i rst day 
of l i fe: 1) defense of young, 2) weight of l i t ter, 3) the appear­
ance of fur and teeth, 4) capacity to support i ts weight on legs 
alone, 5) r ighting ref lex, 6) abi l i ty to perform on a balancing wheel, 
7) the date at which eyes opened and 8) maternal interest. Evidence 
indicated that rate of development of the eyes and neuromuscular 
coordination was faster for Mi crotus compared to the others tested. 
Maternal interest was high and they defended their young unti l  about 
11 days of age. 
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CHAPTER I I I .  MATERIALS AND METHODS 
Materials (Subjects) 
The ini t ial  group of ochrogaster was obtained from a stock colony 
of animals at Kansas University in Lawrence, Kansas. These animals 
were offspring of ochrogaster l ive-trapped in Indiana and maintained 
in the laboratory for 4 yrs. by Dr. Michael Gaines, Twenty animals were 
used in the establ ishment of the colony for this study. 
Maintenance of Animals 
Caged animals were housed in a venti lated animal room maintained 
at 72° F. with a l ighting regime of 15 hrs. l ight and 9 hrs. dark. Five 
40-watt f luorescent lamps were placed so that l ight was distr ibuted as 
equally as possible. Humidity was not control led and ranged from 30-
60% RH. 
The 19 X 12 X 18 in. cages were constructed of sheet metal and wire 
mesh. The f loors of the cages were covered with sawdust and the cages 
cleaned every 2 wks. Water and food (20% body wgt.) were supplied dai ly. 
The cages were checked dai ly for new l i t ters at 8:00 a.m. and 4:00 p.m. 
Thus, l i t ters were between less than 1 hr. to 16 hrs. in age when f i rst 
di scovered. 
Diet 
Preparation of food 
Mi rex, (technical grade) obtained from the Al l ied Chemical Company 
of New Jersey, was mixed with ground Wayne Rabbit Pel lets. Food for 
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experimental and control groups was prepared by grinding pel lets in a 
Holbart mixture to a semi-powder form. The ground mixture for experi­
mental groups was pipetted with acetone solut ions of the appropriate 
concentrat ions of mi rex and then placed in the mixer for 15 minutes. 
Chromatographic Analysis 
Vole samples (whole-body) were analyzed according to procedures 
establ ished by Stanley and LeFavoure ( I965). 
Nine adults (three samples of three adults each) from the control 
and each of the experimental groups were used for gas chromatographic 
analysis. The whole animal was run through a meat grinder. Fif ty ml 
of concentrated HgSO^ was added to 50 gm of ground vole t issue in a 
500 ml beaker. The mixture was covered and left  to stand overnight for 
approximately 16 hrs. After standing, 80 ml of HgO was added very slowly 
and the mixture was al lowed to cool for a period of 1 to 4 hrs. Fif ty 
ml of 90 percent petroleum ether and 10 percent acetone was added. The 
separatory funnel with i ts contents was shaken vigorously for approxi­
mately 2 min. The layers were al lowed to separate. The aqueous layer 
was discarded and the upper organic layer saved. Extraction was repeated 
two addit ional t imes. After each extraction the top organic layer was 
saved for analysis. 
The organic layer was poured into a graduate cyl inder which was 
closed with a stopper to prevent evaporation of the mixture. The volume 
of the solut ion was recorded. NaHCO^ was continuously added unti l  
effervescence ceased. Next, 5 gm of NagSO^ was added and the solut ion 
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allowed to sett le. The samples were then ready for inject ion into the 
chromatograph. 
The al iquot was removed with a Hamilton Syringe and injected into 
the chromatograph with 3% dexsi l  300 or Gas Chrom Q at 280° C. The 
detector temperature was 335° C. Electron capture detector was nickel 
63 type and Scanosum tr i t ida (analog technology). GLC was used to 
identi fy and quali fy mi rex levels. 
Quantitat ion was done by comparing peak height produced by sample 
inject ions with standards which produced a greater or lesser GLC peak. 
The three standards were injected twice, before and after each of 12 
samples. Samples were ordinari ly injected twice. Some were reinjected 
on dif ferent days. 
Calculat ions were as fol lows; 
mirex (ppm) .  ng of STD Injected x stand^d « 
peak ht Sample volume Sample extract (ml) 
peak ht of STD ^ wt of t issue 50 (gm) 
Study 1; Single generation, 90-day Exposure Study 
Ninety-six males and 96 females were paired and each pair caged 
separately. The pairs were divided into six groups of I6 pairs each. 
Each group was exposed to a dif ferent dosage level of mirex, namely 0 
(control),  1, 5, 10, 15 and 25 ppm for 90 days. After this period, 
the animals were taken off  mirex and placed back on pel let food which 
contained no mi rex. 
The fol lowing reproductive parameters were evaluated: 1) percent 
mortal i ty of adults, 2) percentage of animals producing a l i t ter each 
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generation, 3) number of days from pair ing to the birth of successive 
l i t ters, 4) number of days between successive l i t ters, 5) number of 
offspring per l i t ter, 6) number of l i t ters per group, 7) number of 
animals per group, 8) percentage of pups surviving to days 4 and 21, 
and 9) percent mortal i ty of pups. 
Measures of fert i l i ty, viabi l i ty and lactat ion were determined 
for control and experimental groups. Fert i l i ty was evaluated on the 
basis of number of l i t ters per pair.  Viabi l i ty was a measure of 
pups al ive at day 4 ^ Lactation was evaluated as 
number of pups born 
number of pups weaned ^ J Q Q  
number of pups al ive at day 4 
Data was recorded for a total of 7 mos. (3 mos. on mi rex treatment 
and 4 mos. on food without mi rex). At the termination of the experi­
ment, al l  remaining adults were sacri f iced for gas chromatographic analy­
sis, Those animals belonging to 15 and 25 ppm which died before the 
termination of the experiment were frozen for later analysis. 
Study 2: Single-generation, Continuous-exposure Study 
Sixty mated pairs were divided into six groups, each group con­
taining 10 pairs of animals. Mi rex exposure levels were maintained 
continuously for 5 mos. Data was obtained on the same reproductive 
parameters and by the same methods of analysis as in Study 1. Li t­
ters ware sacri f iced at weaning with the exception of those belonging 
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to the control group and 0.1, and 0.5 ppm experimental groups; these 
animals were to be used later in the nwit igeneration study. 
Study 3. Mult igeneration, Continuous-exposure Study 
The animals used in this study were offspring of the control and 
0.1 and 0.5 ppm experimental groups from the single-generation con­
t inuous-exposure study. They comprised the 1st generation of the 
mul t igeneration study. The animals were taken from their parents at 
weaning and males and females were separated. The animals were seg­
regated, grouped and maintained on the basis of sex and concentrat ion 
of mi rex exposure (0, 0.1, and 0.5 ppm). At approximately 60 days of 
age, 10 males were paired with 10 females from the same mi rex expo­
sure groups and each pair caged separately. These animals were al lowed 
to reproduce and data was obtained in the same reproduction parameters 
and by the same methods of analysis as in Study 1. Gas chromatographic 
analysis was performed on animals from the parental,  1st and 2nd gen­
erations at the termination of each respective experiment. 
The animals comprising the 1st and 2nd generations of this study 
were subjected from birth unti l  weaning to specif ic behavioral tests. 
The tests were adapted from those used by Fox (1965) and Scudder 
et (1967), and are as fol lows; 1) r ighting ref lex, 2) forel imb 
placing, 3) hindl imb placing, 4) postural f lexion, 5) postural exten­
sion, 6) normal posture, 7) forel imb-grasp ref lex, 8) hindl imb-grasp 
ref lex, 9) swimming, 10) straight- l ine walking, 11) rooting, 12) 
vibrissae placing, 13) visual placing, 14) negative geotropism. 
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15) bar-holding abi l i ty, 16) cl i f f-drop aversion, 17) eye opening, 
18) auditory start le, 19) latency-to-retr ieve by the mother and 20) 
defense-of-young by the mother. 
Behavioral tests 
a. Righting ref lex: When the animal is placed on i ts side, i t  
must be able to turn over immediately and rest securely with al l  four 
feet on the table. 
b. Forel imb and hindl imb placing: When the back of the forel imb 
or hindl imb is placed in contact with the edge of a f lat bar, the l imb 
wi l l  be l i f ted and placed on top of the bar. Only one l imb is placed 
in contact with the bar while performing the test. 
c. Postural f lexion and extension: Postural f lexion is exhibited 
by holding the vole at the neck with the thumb and foref inger. The 
animal may curl  or f lex his body. The same posture may also be observed 
when the animal is on i ts side. Postural extension is characterized by 
extension of the l imbs. 
d. Normal posture: The animal must be able to support i ts body 
on al l  four l imbs very securely. Walking in a straight l ine must also 
be exhibited for normal posture. 
e. Forel imb--and hindl imb-grasp-ref 1 ex: A probe is used to 
stroke both the fore and hindl imb. I f  the hand or foot becomes curved 
or f lexed to grasp the apparatus then a posit ive response is indicated. 
f .  Swimming: Swimming tests were conducted in a 25.4 x 35.6 x 21.6 
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cm aquarium tank f i l led with water to a depth of 17.8 cm. The water 
was maintained at room temperature. On each tr ial ,  the pup is dropped 
from a given height (10 cm in this study) and scored as to i ts swimming . 
performance. 
g. Straight- l ine walking: The animals must be able to support 
themselves on al l  fours and move either backwards or forwards in a 
strai ght 1i ne. 
h. Rooting: The animal crawls in a forward manner i f  the head 
is st imulated from both sides using the thumb and the forefinger. The 
animal pushes the head forward in a rooting manner. 
i .  Vibrissae placing; The vole is held by i ts tai l  and slowly 
lowered to the f lat bar below. When the vibrissae come in contact 
with the bar, the vole raises i ts head and extends the forepaws towards 
the bar. 
j .  Visual placing: This test is performed as soon as a s l i t  
appears in the eyes. The vole is held by the tai l .  When i t  apparently 
sees the crossbar, i t  extends i ts forepaws as i f  to place them on the 
bar. 
k. Negative geotropism: The animal is placed on a 90° angle in­
cl ined plane with i ts head point ing downward. I f  the animal is able to 
negotiate a complete 180° angle turn with l i t t le or no dif f iculty and 
begins to move upward, this is considered to be a posit ive response. 
1. Bar-holding abi l i ty: A cross-bar placed 8 1/2 cm from the 
table was constructed for this test. The animal is placed with the 
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forepaws on the cross-bar. The animal must be able to grasp the cross­
bar and maintain the posit ion for 5 sec. 
m. Cl i f f-drop aversion: Young voles are introduced individually 
into a visual-cl i f f  apparatus which tests each animal 's abi l i ty to 
perceive an i l lusionary cl i f f  or drop-off.  The i l lusion is created by 
placing a piece of clear glass over a box in which the f loor is directly 
below the glass on one side and a certain distance (32 cm in this study) 
below on the other side of the box. The total dimensions of the ply­
wood box were 60 x 60 x 60 cm. The f loor and sides of the box were 
covered with red-and-white, checkered paper. The subject was placed 
in a small  compartment on one side of the box. A small ,  vert ical ly 
sl iding door al lowed entrance onto a small  9 1/2 x 10 x 9 1/2 cm plat­
form from which the animal could jump to the safe side or to the 
i l lusionary, cl i f f-drop side. 
n. Eye opening: This relates to the degree of opening from the 
day at which the f i rst sl i ts were observed unti l  the ful ly rounded 
condit ion of the adult occurs. 
o. Auditory start le; A steel probe is used to rap the side of 
the cage containing the animals. I f  the animal is able to perceive 
the sound, an immediate start le response is seen as a sudden extension 
of the head, fore- and hindl imbs. 
Behavior of mother 
a. Latency-to-retr ieve: After the offspring have been subjected 
to the behavioral tests, the pups are placed back into the home cage 
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approximately 25 cm away from the female. The male is removed from the 
cage for the test. Latency to the ini t iat ion of retr ieval of the f i rst 
pup is recorded. 
b. Defense-of-young: Before removing the young from the cage, a 
short probe is used to gently touch the young pups either while attached 
to the teats of the female or alone in the nest. The mother is evalu­
ated in regard to her response. 
Stat ist ical Analysis 
Analysis of variance (ANOV) were conducted on reproductive data 
for Studies I ,  2, and 3; and for behavioral data in Study 3 using 
Statist ical Analysis System (Barr and Goodwright, 1971). Means were 
compared by LSD test (Snedecor and Cochran, 196?) where signif icance 
was indicated by ANOV. 
Mean values are shown in the data tables and graphs in the Re­
sults Chapter. Mean values are accompanied by the standard error of 
the mean. 
Chi-Square analyses (Snedecor and Cochran, 1967) were done on 
adult mortal i ty and percentage of mated pairs producing l i t ters in 
Studies 1, 2, and 3; and on cl i f f  drop aversion data in Study 3. 
Linear regression analyses (Snedecor and Cochran, 1967) were done 
on residue levels of mi rex and means are given in Tables and i l lus­
trated by graphs. 
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CHAPTER IV. RESULTS 
Study 1: Single-generation, 90-day Exposure Study 
Adult mortal i ty 
Differences were signif icant among the treatment groups 
2 (X = 90.3; d.f .  =5; p < 0.01). increase in the level of mi rex in 
the food of the experimental animals resulted in an increase in the 
percent mortal i ty of the voles. Percent mortal i ty of 5, 10, 15, and 
25 ppm mi rex exposure levels dif fered signif icantly (P < 0.01) from 
the controls. Mi rex exposure of 1 ppm did not dif fer signif icantly 
from the controls. A sharp increase occurred between mi rex levels 
of 1 and 5 ppm (Table I ,  Graph I ) .  
Those animals dying at levels of 5, 10, 15, and 25 ppm exhibited 
symptoms of loss of appeti te, spastic gait ,  bleeding from the rectal 
area, and loss of equil ibr ium. These symptoms were usually observed 
2-4 days before death. 
Percentage of mated pairs producing l i t ters each generation 
( fert i l i ty inde3<T 
The percentage of mated pairs producing l i t ters varied with the 
dif ferent levels of mi rex exposure. Signif icant dif ferences were 
found among treatment groups in mated pairs producing l i t ter 1 
(X^ = 46.9; d.f .  = 5; p < 0.01), l i t ter 2 (x^ = 37.31; d.f .  = 5; 
P < 0,01), l i t ter 3 (X^ = 42.84; d.f .  =5; P< 0.01), l i t ter 4 
(X^ = 45.71; d.f .  = 5; P < 0.01) and l i t ter 5 (X^ = 15.48; d.f .  = 5; 
P < 0.01). 
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Table 1. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on mortal i ty of M. ochrogaster adults 
Treatment Percent mortal i ty of adults 
C 6 
+4.279 
1 ppm 9 
+5.153 
5 ppm 56 
+8.769 
10 ppm 69'^'  
±8.1938 
15 ppm 75'" '  
+7.6547 
25 ppm 100 
G 
^Standard error equals 0 since response for each animal was the 
same and no variat ion in data occurred. 
^^Signif icant dif ference from control value, P <0.01. 
Graph 1. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on mortal i ty of M. ochrogaster adults 
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An increase in the level of mi rex exposure was in accord with a 
decrease in the percentage of mated pairs producing a l i t ter each 
generation. Only the control animals produced 5 l i t ters. Addit ion 
of 1 ppm mi rex resulted in no 5th l i t ters. Further increase in mi rex 
dosage level resulted in no 4th generation l i t ters for 5 ppm animals, 
no 3rd generation l i t ters for 10 and 15 ppm animals and no l i t ters at 
al l  for 25 ppm animals (Table 2, Graph 2, Tables A1-A5). 
There was also an overal l  reduction in the number of mated pairs 
producing l i t ters each generation in the controls as well  as exposure 
levels of 1, 5, 10, and 15 ppm mi rex. This suggests that some factor, 
possibly age of parents is contr ibuting to a decrease in the number 
of l i t ters for controls and treatment groups al ike. 
Signif icant dif ferences (P < 0.05) were observed between controls 
and 1 ppm animals and also (P <0.01) between controls and S, 10, and 
15 ppm animals of the 1st l i t ter. In the 2nd l i t ter, signif icant 
dif ferences (P < 0.01) were observed between controls and 5, 10, and 
15 ppm animals. In the 3rd l i t ter, signif icant dif ferences (P < 0.01) 
occurred between controls and 1, and 5 ppm animals. In the 4th l i t ter, 
a signif icant dif ference (P < 0.01) was observed between the controls 
and 1 ppm animals. 
Number of days from pair ing of male and female to the birth of 
successive I i t ters 
Signif icant treatment dif ferences were found in the number of 
days from pair ing of the male and female unti l  the birth of successive 
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Table 2, The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on the percentage of M. ochrogaster producing a l i t ter 
each generation. Data given for f ive successive generations 
( fert i l i ty index) 
T reatment 1st 
1 i  tter 
Percentage producing 
2nd 3rd 
1i t ter 1i t ter 
1i t ters 
4th 
1 i  tter 
5th 
































--- — —— 
15 ppm 6.3** 
±2.09 +2.09 
—- — 
--- — —— 
25 ppm --- —- — — 
^Signif icant dif ference from control value, P < O .O5. 
" 'signif icant dif ference from control value, P < 0.01. 
Graph 2. The effects of 90-day exposure to dif ferent mi rex concentrat ions on the 
percentage of M. ochrogaster producing a l i t ter each generation. Data 
given for f ive successive generations ( fert i l i ty index) 
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l i t ters through the 3rd l i t ter. These signif icant dif ferences were 
found in l i t ter 1 (F = 5.28; d.f .  = 4,28; P < 0.01), l i t ter 2 
(F = 7.84; d.f .  = 4,23; P < 0.01), and l i t ter 3 (F = 15.53; d.f .  = 
2,16; P< 0.01). No signif icant dif ferences among treatments occurred 
in the days to birth of l i t ters 4 and 5 (Table 3, Graph 3) • 
There was a general increase in the number of days to the birth 
of successive l i t ters in al l  treatment groups when compared to the 
controls except for 15 ppm animals. The days to successive l i t ters 
was less in the controls in al l  other instances. However, only one 
pair of animals produced in the 15 ppm group. Al l  animals died be­
fore reproducing in the 25 ppm group. 
Signif icant dif ferences (P < 0.05) were observed between the 
controls and 1, 5, and 10 ppm animals in the 1st l i t ter. There was 
no signif icant dif ference between controls and 15 ppm animals of the 
1st l i t ter. In the 2nd l i t ter, signif icant dif ferences (P <0.05) 
occurred between controls and 1, 5, and 15 ppm animals. In the 3rd 
l i t ter, signif icant dif ferences (P < 0.01) were observed between 
controls and 1, and 5 ppm animals. There was no signif icant dif ference 
between the controls and 1 ppm animals, the only other producing group 
of the 4th l i t ter. Only the control group produced a 5th l i t ter. 
Number of days between consecutive l i t ters 
Signif icant dif ferences were found among treatments in the number 
of days between consecutive l i t ters for interval 1 (F = 20.72; 
d.f .  = 4,23; P < 0.01). No signif icant dif ferences were found among 
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Table 3. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on the number of days from pair ing to birth of suc­
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Signif icant dif ference from control value, P < 0.05. 
Signif icant dif ference from control value, P< 0.01. 
Graph 3. The effects of 90-day exposure to dif ferent mi rex concentrat ions on the number 
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treatments for interval 2 (F = 0.73; d.f .  = 2,16) or interval 3 
(F = 0.46; d.f .  = 1,15). Only the controls had 5th l i t ters, hence 
there was no stat ist ical comparison for interval k. With the excep­
t ion of the 15 ppm animals, in which only one pair of animals produced 
a l i t ter, apparently mi rex did not affect the intervals between con­
secutive l i t ters. The number of days between the birth of consecutive 
l i t ters was signif icantly dif ferent (P < 0.01) between controls and 
15 ppm animals (Table 4, Graph 4). 
Number of offspring per l i t ter 
Of the number of offspring born to both experimental and control 
groups, no signif icant dif ferences among treatments were found in the 
number of offspring produced per l i t ter for l i t ter 1 (F = 0.75; 
d.f .  = 4,28), l i t ter 2 (F = 0.4l;  d.f .  = 4,23) l i t ter 3 (F = 0.53; 
d.f .  = 2,16), and l i t ter 4 (F = 1.45; d.f .  = 1,10) (Table 5). 
Mean number of l i t ters per group 
Signif icant dif ferences (F = 22.38; d.f .  = 5,90; P < 0.01) were 
found among treatments with regard to the number of l i t ters produced 
per group. The control animals produced the largest number of l i t ­
ters per group. There was a corresponding decrease in the number of 
l i t ters produced per group as mi rex exposure increased (Table 6, 
Graph 5). 
Controls produced signif icantly more l i t ters (P < 0.01) than 
did the 1, 5, 10, and 15 ppm animals. A total of 53 l i t ters was 
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Table 4. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on the mean (days) between consecutive l i t ters of M. 
ochroqaster 
Mean (days) between l i t ters ,  
Treatment 1st 2nd 3rd^ 4th 
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25 ppm 
^Number of days between birth of 1st and 2nd l i t ters. 
^Number of days between birth of 2nd and 3rd l i t ters, 
' 'Number of days between birth of 3rd and 4th l i t ters. 
^Number of days between birth of 4th and 5th l i t ters. 
Signif icant dif ference from control value, P < 0.01. 
Graph 4. The effects of 90-day exposure to dif ferent mi rex concentra­



































INTERVAL 1234 123 12 1 1 
C 1.0 5.0 10.0 15.0 
CONCENTRATION OF MIREX (PPM) 
25.0 
62 
Table 5. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on the mean number of offspring produced per l i t ter 
of M. ochroqaster 
Mean number of offspring per l i t ter 
T reatment 1st 2nd 3rd 4th 5th 
1it ter 1it ter 1 i  tter 1 i  tter 1 i  tter 
C 3.07 2.69 2.58 2.70 3.7 
+.2706 ±.2775 ±. 3254 +.4074 ±1.729 
1 ppm 2.40 2.75 2.75 1.50 — — — 
+.3314 +.3537 +.5636 +.9127 
5 ppm 2.75 2.25 3.33 — — — — — — 
+.5234 +.5002 +.6508 
10 ppm 2.67 2.00 — — — — — — — — — 
+.6050 +.7074 




Table 6. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on the mean number of l i t ters produced per group of 
M. ochrogaster 
Treatment Mean number of l i t ters per group 
c 3.31 
+.2662 
1 ppm 1.50** 
+.2662 
5 ppm 0.69** 
+.2662 
10 ppm 0.31** 
+.2662 
15 ppm 0.13** 
+.2662 
25 ppm — —  —  
Signif icant dif ference from control value, P <0.01. 
Graph 5. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on the mean number of l i t ters produced per group of 
M. ochroqaster 
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produced by the controls, and Zk, 11, 5> and 2 by the 1, 5, 10, and 
15 ppm levels respectively. 
Mean number of offspring per group 
Signif icant dif ferences in treatment groups were found in the 
number of offspring per group (F = 21.52; d.f .  = 5,90; P < 0,01). 
The number of offspring was highest in the control animals with a 
decrease shown with each corresponding increase in mi rex level in 
the diet (Table 7, Graph 6). 
Controls produced signif icantly more animals (P < 0.01) than 
did each of the treatments groups of 1, 5, 10, and 15 ppm animals. 
No animals were produced by the 25 ppm as al l  adults died. The total 
number of animals produced by the control group was 150; 60, 30, 12, 
and 5 were produced by 1, 5, 10, and 15 ppm animals respectively. 
Percentage of pups surviving to days 4 and 21 
The percentage of survival of pups to day 4 in the control and 
exposure groups of 1, 5, 10, and 15 ppm did not di f fer signif icantly 
for l i t ter 1 (F = 0.54; d.f .  = 4,28), l i t ter 2 (F = 0.58; d.f .  = 4,23), 
and l i t ter 3 (F = 0.27; d.f .  = 2,16). Control pup survival was 100 
percent for al l  l i t ters except the 3rd. Mi rex did not seem to affect 
the survivabi l i ty up to 4 days (Table 8). 
Signif icant dif ferences among treatments in the percentage of 
pups surviving to 21 days were found in l i t ter 1 (F = 7.76; d.f .  = 4,28; 
P < 0.01), l i t ter 2 (F = 4.76; d.f .  = 4,23; P < 0.01), but not for 
l i t ter 3 (F = 0.26; d.f .  = 2,16). The percentage survival in both 
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Table 7. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on the mean number of offspring per group of M. 
ochrogaster ~ 
Treatment Mean number of offspring per group 
c 8.69 
j%7l04 
1 ppm 3.75** 
+.710if 
5 ppm 1.86** 
+.7104 
10 ppm 0.75** 
+.7104 
15 ppm 0.31** 
+.7104 
25 ppm — — -
' 's ignif icant dif ference from control value, P < 0.01. 
Graph 6. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on the mean number of offspring per group of M. 
ochroqaster 
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Table 8. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on the percent survival of offspring of M. ochroqaster 
for 4 days (viabi l i ty index) 
Percent survival of offspring for 4 days 
T reatment 1st 2nd 3rd 4th 5th 
1 i  tter 11tter 1i t ter l i t ter l i t ter 
C 100 100 92 100® 100^ 
+.473 +.0541 +.0691 0 0 
1 ppm 90 88 100 100® — 
+.576 +.0689 +.1197 0 
5 ppm 100 100 100 — — — — — 
+.0917 +.0975 +.1382 
10 ppm 92 100 w mm M B M •• M M 
+.1059 +.1379 
15 ppm 100 100 — — — — — — — — — 
+.1834 +.1950 
25 ppm -  — - — — — — — — 
^Standard error equals 0 since response for each animal was the 
same and no variat ion in data occurred. 
No comparison possible since no experimental 5th l i t ter produced. 
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control and 1 ppm animals was 100 percent in the 4th l i t ter while 
only controls had a 5th l i t ter. In the 1st and 2nd l i t ters, the 
percent survival of offspring for 21 days was less than the control 
for 1, 5j 10, and 15 ppm animals except for the 2nd Ji t ter of 10 ppm 
animals (Table 9, Graph 7). 
In the 1st l i t ter signif icant dif ferences (P < 0.01) were found 
between controls and 5, 10, and 15 ppm animals surviving unti l  21 
days (weaning). Signif icant dif ferences (P < 0.01) also occurred 
between controls, and S, and 15 ppm animals of the 2nd l i t ter. 
The 3rd and 4th l i t ters did not produce signif icant dif ferences 
between controls and 1 and 5 ppm animals in the 3rd l i t ter, and con­
trols and 1 ppm animals of the 4th l i t ter. Only controls produced 
a 5th 1i t ter. 
Lactation index 
Signif icant dif ferences among treatments were found in lactat ion 
indices for l i t ter 1 (F = 12.47; d.f .  = 4,27; P <0.01), l i t ter 2 
(F = 4.24; d.f .  = 4,22; P < 0.01), but not l i t ter 3 (F = 0.29; 
d.f .  = 2,15). The lactat ion index was 100 percent for control and 
1 ppm animals of the 4th l i t ter as well  as for the controls of the 
5th l i t ter. The highest level of mi rex exposure (0.5 ppm) resulted 
in the lowest lactat ion index (0 percent) (Table 10, Graph 8). 
Signif icant dif ferences (P<0.01) were found between the controls 
and S, and 15 ppm animals of the 1st l i t ter. Signif icant dif ferences 
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Table 9. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on the percent survival of offspring of M. ochrogaster 
for 21 days 
Percent survival of offspring for 21 days 
Treatment 1st 2nd 3rd 4th 5th 
l i t ter l i t ter l i t ter l i t ter l i t ter 
C 100 100 92 100® 100^ 
+.0708 +.0792 +.0691 0 0 
1 ppm 90 88 100 100 
+.868 +.1009 +.1197 0 
5 ppm 33^ 50 100 -T-
+.1372 +.0204 +.1382 
10 ppm 58 100 — 
+.1584 +.2019 
a 
15 ppm 0"" 0' 
25 ppm 
yc 
^Standard error equals 0 since response for each animal was the 
same and no variat ion in data occurred. 
^No comparison possible since no experimental 5th l i t ter produced. 
Signif icant dif ference from control value, P< 0.01. 
Graph 7. The effects of 90-day exposure to dif ferent mi rex concentrat ions on the 
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Tabic 10. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on the lactat ion index of ochrogaster 
Lactation index 
T reatment 1st 2nd 3rd 4th 5 th 
l i t ter 1i t ter 1 i  tter 1it ter 1 i  tter 
C 98 92 95 100® 100^ 
+.0603 +.0819 +.0371 0 0 
1 ppm 100 100 100 100® w M B 
+.0779 +.1117 +.0615 0 
5 ppm 25'" '  50" 100 •B M M M M M 
+.1168 +.1478 +.07106 
10 ppm 66* 100 «•MM mm mm ^  _ M. ^  
+.1349 +.2090 
15 ppm 0** 0- '  " — — mmmm ^  M « 
+.23372 +.2956 
25 ppm • 
^Standard error equals 0 since response for each animal was the 
same and no variat ion occurred. 
No comparison possible since no experimental 5th l i t ter produced. 
Signif icant dif ference from control value, P < 0.01. 
. îV 
Signif icant dif ference from control value, P< 0.05. 
Graph 8. The effects of 90-day exposure to dif ferent mi rex concentrat ions on the 
lactat ion index of M. ochrogaster 
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(P<0.05) also occurred between controls and 10 ppm animals of this 
same 1st 1i t ter. 
The lactat ion index of the 5 and 15 ppm animals was signif icantly 
dif ferent (P < 0.05 and P < 0.01 respectively) than the controls of 
the 2nd l i t ter. No signif icant dif ferences were found between con­
trols and 1 ppm animals of the 4th l i t ter. Only the controls produced 
a 5th 1i t ter. 
Percent  morta l i ty  of  pups 
Signif icant dif ferences among treatments occurred in the percent 
mortal i ty of pups (F = 6.85; d.f .  = 4,^28; P < 0.01). With increase 
in mi rex exposure, there was a corresponding increase in the percent 
mortal i ty of pups, with the highest concentrat ion reaching 100 per­
cent (Table 11, Graph 9). 
There were signif icant dif ferences (P <0.01) between controls 
and S, 10, and 15 ppm mi rex exposure levels. Five animals died in 
the control group with 3, l4, 4, and 5 animals dying in the I ,  5, 10, 
and 15 ppm groups respectively. The pups which died at birth exhibited 
no gross malformations, but those pups dying after birth showed vis­
ible signs of lack of motor coordination, loss of equil ibr ium and 
weakness before death. 
Study 2: Single-generation, Continuous-exposure Study 
Adul t  morta l i  ty  
Signif icant group dif ferences were found among treatments 
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Table 11. The effects of 90-day exposure to dif ferent mi rex concentra­
t ions on mortal i ty of ^  ochrogaster pups 
Treatment Percent mortal i ty of pups 
C 3 
+.0614 
1 ppm 12 
+.0752 
5 ppm 49'" '  
+.1189 
10 ppm 40'" '  
+.7373 
15 ppm lOO"' '  
+.2377 
25 ppm 
Signif icant dif ference from control value, P < 0.01 
Graph 9. The effects of 90-day exposure to dif ferent mi rex concentra­
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2 X = 55.Î7; d.f .  = 5; p < 0.01) in the percentage of adult mortal i ty. 
Increase in the level of mi rex correlated with an increase in the per­
centage of adults which died. The largest increase occurred between 
mi rex exposure levels of 1 and 5 ppm (Table 12, Graph 10). 
Signif icant dif ferences (P < 0.01) occurred between controls and 
5 ppm animals. There was no signif icant dif ference between controls 
and 0.1, 0.5, 0.7, or 1 ppm animals. Animals at 5 ppm exposure 
showed signs of weakness and loss of balance and equil ibr ium short ly 
before death. 
Percentage of mated pairs producing l i t ters each generation 
( fert i l i ty index) 
Signif icant dif ferences among treatment groups were found in 
2 
number of mated pairs producing l i t ter 1 (X = 32.50; d.f .  = 5; 
P < 0.01), l i t ter 2 (X^ = 34.40; d.f .  = 5; P < 0.01), l i t ter 3 
(X^ = 22.96; d.f.  = 5; p < 0.01), but not for l i t ter 4 (X^ = 7.37; 
d.f .  = 5). Levels of 0.5, 0.7, and 1 ppm mi rex resulted in pro­
gressive decrease in the percentage of pairs producing l i t ters. 
Animals exposed continuously to 5 ppm did not reproduce. Between 
mi rex levels of 0.5 and 0.7 ppm there was a decrease of greater magni­
tude in the numbers of mated pairs producing l i t ters (Table 13, Graph 
11, Tables A6-A10). 
Controls dif fered signif icantly (P < 0.05) from 0.7 to 1 ppm 
animals, and also (P < 0.01) from 0.5 ppm animals in the percentage 
of mated pairs producing l i t ters in the 1st generation. In the 2nd 
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Table 12. The effects of continuous exposure of dif ferent mi rex con­
centrat ions on mortal i ty of M. ochrogaster adults 

















Signif icant dif ference from control value, P < 0.01. 
Graph 10. The effects of continuous exposure of dif ferent mi rex con­
centrat ions on mortal i ty of M. ochrogaster adults 
PERCENT MORTALITY OF ADULTS 




Table 13. The effects of continuous exposure to dif ferent mi rex con­
centrat ions on the percentage of mated pairs of M. 
ochroqaster producing l i t ters. Data given for f ive suc­
cessive generations (Fert i l i ty index) 
Percentage producing l i t ters 
Treatment 1st 2nd 3rd 4th 
1 i  tter 1i t ter 1i t ter 1 i  tter 
C 100 90 70 10 
+1.58 +3.35 +5.12 +3.35 
0.1 ppm 90 90 80 20 
+3.35 +3.35 +4.90 +4.47 
0.5 ppm 90 80 40 — MM = 
+3.35 +4.90 ±5.47 
0.7 ppm 40* 10** 10'" '  
+5.47 +3.35 +3.35 
1.0 ppm 40 30** 20* — 
+5.47 +5.12 +4.47 
Jri- ick 
5.0 ppm 0 0 0 
S i  gn i f icsnt dif ference from control value, P < 0.05. 
VoV 
Si gni f icant dif ference from control value, P < 0.01. 
Graph 11. The effects of cont inuous exposure to di f ferent mi rex concentrat ions on the 
percentage of mated pairs of M. ochrogaster producing l i t ters. Data given 
for f ive successive generat ions ( fert i l i ty index) 
PERCENTAGE OF MATED PAIRS PRODUCING 
UTTERS EACH GENERATION 
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l i t ter,  signif icant di f ferences (P < 0.01) were found between controls 
and 0.7, 1, and 5 ppm animals. The 3rd l i t ter revealed signif icant 
di f ferences (P < 0.01) between controls and 0.7, and 5 ppm animals, 
and also (P < 0.05) between controls and 1 ppm animals of this same 
l i t ter.  
Only the controls and 0.1 ppm groups produced a 4th l i t ter and 
there was no signif icant di f ference between these groups. There was 
also no s ignif icant di f ference between the controls and 0.1 or 0.5 
ppm animals of  the 1st,  2nd, and 3rd l i t ters. 
There was a decrease in the numbers of  l i t ters produced each 
generat ion in the controls as wel l  as in treatment groups of 0.1, 
0.5, 0.7, and 1 ppm. The magnitude of decrease was considerably 
greater in 0.5, 0.7, and 1 ppm animals. 
Number of  days from pair ing of male and female to the bir th of 
successive 1i t ters 
Signif icant di f ferences among treatment groups were found in the 
number of  days from pair ing of male and female to the bir th of suc­
cessive l i t ters for the 3rd l i t ter (F = 3.43; d. f .  = 4,17; P < 0.01),  
but not for l i t ter 1 (F = 1.14; d. f .  = 4,31),  l i t ter 2 (F = 1.95; 
d. f .  = 4,25),  or l i t ter 4 (F = 2.08; d. f .  = 1,1).  The 3rd l i t ter 
thus seemed to be the only group affected by mi rex exposure (Table 
14, Graph 12).  
Signif icant di f ferences (P < 0.05) were found between controls 
and O.I  and 0,7 ppm animals, and also between controls (P < 0.01) and 
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Table 14. The effects of di f ferent mi rex concentrat ions on the number 
of  days from pair ing to the bir th of successive l i t ters of 
M. ochrogaster 
Days to bi  r th of successive 1i  t ters 
Treatment 1st 2nd 3rd 4th 
1 i  t ter 1i t ter 1 i  t ter 1 i  t ter 
C 61 90 121 129 
±4.23 + 5.19 + 3.52 + 2.82 
0.1 ppm 65 90 112" 124 
+4.46 + 5.19 + 3.29 + 2.00 
0.5 ppm 70 103 120 M 
+ 4.46 ±5.50 + 4.65 
0.7 ppm 67 78 101" — — — 
+ 6.69 + 15.56 + 9.31 
1.0 ppm 55 76 98'"" — — — 
+ 6.69 + 8.98 + 6.58 
5.0 ppm — — - — — — — - - -
Signif icant di f ference from control  value, P < 0.05. 
^^Signif icant di f ference from control  value, P< 0.01. 
Graph 12. The effects of di f ferent mi rex concentrat ions on the number of  days from 
pair ing to the bir th of successive l i t ters of M. ochrogaster 
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1 ppm animals of the 3rd l i t ter.  No s ignif icant di f ference was 
found between controls and al l  treatment groups having 1st,  2nd, or 
4th 1i t ters. 
Number of  days between consecut ive l i t ters 
There were no signif icant di f ferences in the number of  days be­
tween consecut ive l i t ters among the treatments for interval 1 (F = 1.06, 
d. f .  = 4,25) and interval 2 (F = 1.32; d. f .  = 4,17).  Only the controls 
and 0.1 ppm animals had 4th l i t ters and interval 3 was the same for 
al l  l i t ters (Table 15).  
Mean number of  offspr ing produced per l i t ter 
There were no signif icant di f ferences among the treatments in 
the mean number of  animals produced for l i t ter 1 (F = 1.99; d. f .  = 4,31) 
l i t ter 2 (F = 1.50; d. f .  = 4,25) and l i t ter 3 (F = 0.54; d. f .  = 4,17).  
There was no var iat ion in the size of the 4th l i t ters. However, s ince 
0.1 ppm animals provided more offspr ing per l i t ter than controls,  i t  
is obvious that mi rex is not decreasing l i t ter size under these condi­
t ions (Table 16).  
There was no s ignif icant di f ference in the number of  animals 
produced per l i t ter between controls and 0.1, 0.5, 0.7, or 1 ppm 
animals from the 1st through 4th l i t ters. 
Mean number of  l i t ters produced per group 
Signif icant di f ferences were found among treatments in regard to 
number of  l i t ters produced per group (F = 14.95; d. f .  = 5,54, P < 0.01).  
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Table 15. The effects of cont inuous exposure to di f ferent mi rex con­
centrat ions on the mean (days) between consecut ive l i t ters 
of M. ochroqaster 
Mean (days) between l i t ters 
Treatment 1st 2nd 3rd 
interval interval interval 
c 31.2 32.0 22,0 
±3.52 ±3.44 0 
0.1 ppm 25.1 25.5 21.0 
±3.52 ±3.22 0 
0.5 ppm 33.0 35.0 — — — 
±3.74 ±4.55 
0.7 ppm 22.0 23.0 — — — 
±10.58 ±9.11 
1.0 ppm 24.7 22.0 wm mt mm 
±6.10 ±6.44 
5.0 ppm 
^Standard error equals 0 s ince response for  each animal was the 
same and no var iat ion in data occurred. 
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Table 16. The effects of cont inuous exposure to di f ferent mi rex con­
centrat ions on the mean number of  animals produced per l i t ­
ter of M. ochroqaster 
Mean number of  offspr ing produced per l i t ter 
Treatment 1st 2nd 3rd 4th 








































5.0 ppm — — —  — — — — -  —  
^Standard error equals 0 s ince response for  each animal was the 
same and no var iat ion in data occurred. 
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There was a progressive decrease in the l i t ters produced per group 
with an increase in the level of  exposure between 0.5 and 1 ppm. 
The sharpest decrease occurred between 0.5 and 0.7 ppm levels of ex­
posure (Table 17^ Graph 13).  
Signif icant di f ferences (P < 0.01) were observed in the total  
number of  l i t ters produced per group between controls and 0.5, 0.7, 
and 1 ppm animals. A total  of 27 l i t ters were produced by the con­
trols with 29, 21, 6,  and 9 l i t ters produced by 0.1, 0.5, 0.7, and 
1 ppm animals respect ively.  
Number of  offspr ing produced per group 
There were s ignif icant di f ferences among treatments in the num­
ber of offspr ing produced per group (F = 16.58; d. f .  = 5,54, P < 0.01).  
There was a decrease in the number of  offspr ing as mi rex exposure 
levels Increased. The sharpest decrease in the number of  offspr ing 
produced per group occurred between 0.1 and 0.7 ppm levels of expo­
sure (Table 18, Graph 14).  
Animals exposed to 0.7 and 1 ppm levels of mi rex di f fered 
signif icant ly (P < 0.01) from the controls in the number of  offspr ing 
produced per group. Animals exposed to 0.1 and 0.5 ppm levels of 
mi rex did not di f fer signif icant ly from the control  animals. 
Percent survival of  offspr ing to days 4 and 21 
Signif icant di f ferences were found among treatments in the per­
cent survival to day 4 for l i t ter 2 (F = 2.81; d. f .  = 4,25; P < 0.01) 
and l i t ter 3 (F = 20.96; d. f .  = 4,17; P < 0.01).  No s ignif icant 
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Table 17. The effects of cont inuous exposure to di f ferent mi rex con­
centrat ions on the mean number of  l i t ters produced per 
group of M. ochroqaster 
Treatment Mean number of  l i t ters produced per group 
c 2.70 
+.3039 
0.1 ppm 2.80 
+.3039 
0.5 ppm 2.10** 
+.3039 
0.7 ppm 0.60** 
+.3039 
1.0 ppm 0.90** 
+.3039 
5.0 ppm ---
' " 's ignif icant di f ference from control  value, P < 0.01. 
Graph I3.  The effects of cont inuous exposure to di f ferent mi rex con­
centrat ions on the mean number of  l i t ters produced per group 
of M. ochroqaster 
MEAN NUMBER OF LITTERS PRODUCED PER GROUP 
_ M W 
b b b 
100 
Table 18. The effects of cont inuous exposure to di f ferent mi rex con­
centrat ions on the mean number of  offspr ing per group of 
M. ochroqaster 
Treatment Mean number of  offspr ing produced per group 
C 8.5 
+.9786 
0.1 ppm 8.4 
+.9786 
0.5 ppm 8.1 
+.9/86 
VwV 
0.7 ppm 1.4 
+.9786 
1.0 ppm 2,1 
+.9786 
5.0 ppm — 
Signif icant di f ference from control  value, P< 0.01. 
Graph 14. The effects of cont inuous exposure to di f ferent mi rex con­
centrat ions on the mean number of  offspr ing per group of 
M. ochrogaster 
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dif ferences were found in l i t ter 1 (F = 1.17; d. f .  = 4,31).  Both 
control  and 0.1 ppm animals showed 100 percent survival in the 4th 
l i t ter.  Only 3rd l i t ter 0.7 ppm animals and 2nd and 3rd l i t ters 1 
ppm animals were s ignif icant ly di f ferent from controls in percent 
survival of  offspr ing to day 4 (Table 19, Graph 15).  
The number of  offspr ing surviving unt i l  day 4 di f fered signif i ­
cant ly (P < 0.01) only between controls and 1 ppm animals of  the 
2nd l i t ter,  and 0.7 and 1 ppm animals in the 3rd l i t ter.  There 
was no s ignif icant di f ference observed between controls and al l  other 
treatment groups of the 1st,  2nd and 3rd l i t ters. 
Signif icant di f ferences were found among treatments in the sur­
vival  of  offspr ing to 21 days of age in l i t ter 3 (F = 10.40; d. f .  = 4,17; 
P< 0.01),  but not for l i t ter 1 (F = 1.30; d. f .  = 4,30 or l i t ter 2 
(F = 0.67; d. f .  = 4,25).  Survival for both control  and 0.1 ppm animals 
was 100 percent in the 4th l i t ter;  no other treatment group produced 
a 4th l i t ter (Table 20, Graph 16).  
Signif icant di f ferences (P < 0.01) were found between control  
animals and 0.1, 0.5, 0.7, and I  ppm animals in offspr ing surviving 
to day 21 in l i t ter 3. Dif ferences between controls and 0.1, 0.5, 0.7, 
and 1 ppm animals were not s ignif icant in the 1st or 2nd l i t ters. 
Lactat ion index 
Signif icant di f ferences among treatments occurred in the lactat ion 
index of l i t ter 3 (F = 5.56; d. f .  = 4,17; P < 0.01).  There were sig­
ni f icant di f ferences found in l i t ter 1 (F = 2.06; d. f .  = 4,38),  and 
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Table 19. The effects of cont inuous exposure to di f ferent mi rex con-
centrât ions on the percent survival of  offspr ing of M. 
ochroqaster for 4 days (vi  abi l i ty i  ndex) 
Percent survival of  offspr ing for 4 days 
T reatment 1st 2nd 3rd 4th 
1 i  tter 1 i  t ter 1i  t ter 1 i  t ter 
C 100 100 100 100® 
+.0878 +.0544 +.0216 0 
0.1 ppm 89 100 100 100® 
+.0925 +.0544 +.0202 0 
0.5 ppm 100 100 100 mm mm 
+.0925 +.0577 +.0285 
0.7 ppm 75 100 50** wm mm mm 
+.1388 +.1634 +.0572 
1.0 ppm 75 67** 83'" '  mm mm mt 
+.1388 +.0943 +.0404 
5.0 ppm -  —- --- ---
^Standard error equals 0 since response for each animal was the 
same and no var iat ion in data occurred. 
""s igni f icant di f ference fmm control  value, P< 0.01. 
Graph 15. The effects of cont inuous exposure to di f ferent mi rex concentrat ions on the 
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Table 20. The effects of cont inuous exposure to di f ferent mi rex con­
centrat ions on the percent survival of  offspr ing of 
ochroqaster for 21 days 
Percent survival of  offspr ing for 21 days 
Treatment 1st 2nd 3rd 4th 
l i t ter l i t ter l i t ter l i t ter 
c 100 97 100 100^ 
+.1072 ±.0994 +.0767 0 
0.1 ppm 89 84 84** 100® 
+.1104 +.0994 +.0718 0 
0.5 
i. Q. 
75 90 92** — — 
+.1104 +.1055 +.1015 
0.7 ppm 63 100 50** — — — 
+. 1656 +.2983 +.2029 
1 .0 ppm 75 67 0'"' — — — 
+.1656 +.1722 
5.0 ppm — --- — — — - — 
^Standard error equals 0 since response for each animal was the 
same and no var iat ion in data occurred. 
Signi f icant di f ference from control  value, P < 0.01. 
Graph 16. The effects of cont inuous exposure to di f ferent mi rex concentrat ions on the 
percent survival of  offspr ing of M. ochrogaster for 21 days 
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l i t ter 2 (F = 0.27; d. f .  = 4,24).  The lactat ion index for the 4th 
l i t ter of both control  and 0.1 ppm animals was 100 percent.  These 
groups were the only treatments producing 4th l i t ters (Table 21, 
Graph 17). 
A s ignif icant di f ference (P < 0.01) was found between controls 
and 1 ppm animals of  the 3rd l i t ter Signif icant di f ferences were 
not observed between controls and al l  treatment groups producing 1st 
and 2nd 1i t ters. 
Percent mortal i ty of pups 
Signif icant di f ferences among treatments were found in the per­
cent mortal i ty of pups (F = 3.90; d. f .  = 4,31; P < 0.05).  Increasing 
levels of mi rex exposure, resulted in an increase in the percent 
mortal i ty of pups. The largest increase in the mortal i ty of pups 
occurred with an increase from 0.5 to 0.7 ppm of mi rex (Table 22, 
Graph 18).  
Animals exposed to mi rex levels of 0.1, 0.5, 0.7, and 1 ppm 
showed signif icant di f ferences (P < 0.01) in pup mortal i ty when com­
pared to controls.  Two pups died in the control  group with 12, 16, 
6, and 11 dying in 0.1, 0.5, 0.7, and 1 ppm animals respect ively.  
Al l  pups showed loss of equi l ibr ium, weakness and some lack of 
coordinat ion before death. The eye lens of some pups were clouded. 
I l l  
Table 21. The effects of cont inuous exposure to di f ferent mi rex con­
centrat ions on the lactat ion index of ochrogaster 
Lactat ion i  ndex 
T reatment 1 st  2nd 3rd 4th 
1 i  t ter 1 i  t ter 1i  t ter 1i  t ter 
C 100 86 100 100® 
+.0709 +.1157 +.1030 0 
0.1 ppm 100 77 78 100® 
+.0792 +.1157 +.0964 0 
0.5 ppm 75 87 92 — — — 
+.0747 +.1228 + .1363 
0.7 ppm 83 100 100  ^mm mm 
+.1294 +.3472 +.2726 




100 0"~"' — — — 
+.1294 +.2455 +.1927 
5.0 ppm -  — —  —  —  - —  —  - - - -
^Standard error equals 0 since response for each animal was the 
same and no variat ion in data occurred. 
'^"signif icant difference from control value, P < 0.01. 
Graph 17. The effects of cont inuous exposure to di f ferent mi rex concentrat ions on the 
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Table 22. The effects of cont inuous exposure to di f ferent mi rex con­
centrat ions on mortal i ty of ochrogaster pups 
Treatment Percent mortali ty of pups 
C 3 
+.0817 
rt  1 1r"" 0.1 ppm 15 
, +.0861 
0.5 ppm 19"" 
+.0861 
0.7 ppm 44"" 
+.1292 
1.0 ppm 56 
+.1292 
5.0 ppm 
/wV Signif icant di f ference from control  value, P < 0.01. 
Graph 18. The effects of cont inuous exposure to di f ferent mi rex con­
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Study 3: Mult igénérât ion, Continuous-exposure 
Study, Reproduction, 1st Generation 
Percentage of mated pairs producing a l i t ter (fert i l i ty index) 
There were no signif icant dif ferences among treatments in the 
2 percentage of mated pairs producing l i t ters (X = 1.07; d.f .  = 2). 
Though the percentage of 0.1 and 0.5 ppm mated pairs producing l i t ters 
was less than controls, the dif ferences were not signif icant (Table 23). 
Number of days from pair ing of male and female to the birth of l i t ter 1 
There were no signif icant dif ferences among treatments in the 
number of days from pair ing of male and female to the birth of the 
1st l i t ter (F = 1.07; d.f .  = 2,25). In al l  treatment groups, the num­
ber of days to l i t ter 1 was the same, hence, there were no signif icant 
dif ferences between the controls and other exposure levels (Table 24, 
Tables A11-A13). 
Number of offspring produced per group 
No signif icant dif ferences occurred among treatments (F = 3.13; 
d.f .  = 2,25) with regard to the number of offspring produced per group. 
Controls produced fewer offspring per group than either the 0.1 or 0.5 
ppm animals (Table 25). 
Percent survival of offspring to days 4 and 21 
There were no signif icant dif ferences (F = 1.06; d.f .  = 2,25) in 
the percent survival of offspring to day 4 among the treatment groups 
(Table 26, Graph 19). 
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Table 23. The effects of dif ferent concentrat ions of mi rex on the 
percentage of mated pairs producing l i t ters in the 1st 
and 2nd generation of M. ochrogaster adults ( fert i l i ty 
i  ndex) 
Percentage producing l i t ters 
Treatment 1st 2nd 
generation generation 
c 100a 90 
0 ±3.35 
0.I ppm 90 80 
±3.35 ±4.90 
0.5 ppm 90 70 
±3.35 ±5.12 
^Standard error equals 0 s ince response for  each animal was 
the same and no var iat ion in data occurred. 
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Table 24. The effect of continuous exposure to dif ferent mi rex con­
centrat ions on the days from pair ing to the birth of the 
1st l i t ter of the 1st and 2nd generation of M. ochroqaster 
Days to I i  t ter 1 
Treatment 1st 2nd 
generation generation 
c 55 61 
+1.158 +4.3633 
0.1 ppm 55 65 
+1.228 +4.3829 
0.5 ppm 55 70 
+ 1.313 +4.3829 
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Table 25. The effects of continuous exposure to dif ferent mi rex con­
centrat ions on the number of offspring produced in 1st 
generation and 2nd generation of M. ochrogaster 
Mean number of offspring produced per group 
Treatment 1st 2nd 
generation generation 
c 2.70 3.40 
±. 3634 +.0587 
0.1 ppm 3.11 3.00 
±.3829 +.0622 
0.5 ppm 4.00 2.70 
±.3829 +.0665 
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Table 26. The effects of continuous exposure to dif ferent concentra­
t ions of mi rex on the percent survival of offspring of M. 
ochroqaster pups for 4 days (viabi l i ty index) 
Percent survival of offspring to day 4 
T reatment 1st 2nd 
generation generation 
C 100 100 
+.0596 +.1005 
0.1 ppm 90 80 
+.0628 +.1066 
0.5 ppm 100 60'~"'  
+.0628 ±.1139 
VwV 
Signif icant dif ference from control value. P < 0.01. 
Graph 19. The effects of continuous exposure to dif ferent concentrat ions of mi rex 
on the percent survival of offspring of M. ochrogaster pups for 4 days 
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Signif icant dif ferences among treatments were not found in the 
number of pups surviving to 21 days (weaning) (F = 1.38; d.f .  = 2,25). 
Though less pups survived at exposure levels of 0.1 and 0.5 ppm, this 
dif ference was not signif icant (Table 27, Graph 20). 
Lactation index 
Signif icant dif ferences among treatments were found in the lacta­
t ion index (F = 5.48; d.f .  = 2,24; P < 0.05). The lactat ion index 
was lowest in the animals exposed to the largest concentrat ion, of 0.5 
ppm mi rex. There was a signif icant dif ference (P < 0.01) between the 
lactat ion index of the control and 0.5 ppm animals (Table 28, Graph 
2 1 ) .  
Percent mortal i ty of pups 
Treatment among groups dif fered signif icantly (F = 3.67; d.f .  = 
2,25; P < 0.05) in the percent mortal i ty of pups. With an increase 
in level of mi rex, there was a corresponding increase in mortal i ty of 
pups. Pups of animals receiving 0.5 ppm of mi rex showed signif icantly 
greater mortal i ty (P <0.01) than control animals. No signif icant 
dif ference was found between controls and 0.1 ppm animals (Table 29, 
Graph 22). 
Study 3: Mult igeneration, Continuous-exposure 
Study, Reproduction, 2nd Generation 
Percentage of mated pairs producing a l i t ter (fert i l i ty index) 
Signif icant dif ferences were not found among treatments in the 
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Table 27. The effects of continuous exposure to dif ferent concen­
trat ions of mi rex on the percent survival of offspring of 
M. ochroqaster for 21 days for 1st generation and 2nd 
generation 
Percent survival of offspring for 21 days 
Treatment 1st 2nd 
generation generation 
c 100 100 
+.0830 ±.1334 
0.1 ppm 89 77 
±.0875 ±.1155 
0.5 ppm 6o 48** 
±.0875 ±.1235 
' ' 's igni f icant di f ference from control  value, P< 0.01. 
Graph 20. The effects of continuous exposure to dif ferent concentrat ions of mi rex 
on the percent survival of offspring of M. ochrogaster for 21 days for 
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Table 28. The effects of continuous exposure to dif ferent concentra­
t ions of mi rex on the lactat ion index of l;^. ochrogaster in 





i  ndex 
2nd 
generation 
0 100 100 
+.0745 +.0743 
0.1 ppm 100 95 
±.0833 +.0843 
0.5 ppm 68** 80 
+.0785 +.0997 
' ^ 's igni f icant di f ference from control  value, P <0.01. 
Graph 21. The effects of continuous exposure to dif ferent concentrat ions of mi rex 
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Table 29. The effects of continuous exposure to dif ferent mi rex con­
centrat ions of mortal i ty of ochrogaster pups in the 1st 
generation and 2nd generation 
Treatment 
Percent mortal i ty of pups 
1st 2nd 
generation generation 
C 0 0 
+.0917 +.11035 
0.1 ppm 11 25 
+.0968 ±.1174 
0.5 ppm 52** 
+.0968 +.1251 
"  signi f icant di f ference from control  value, P< 0.01. 
Graph 22. The effects of continuous exposure to dif ferent mi rex concentrat ions 
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2 percentage of mated pairs producing l i t ters (X = 1.25; d.f .  = 2). 
Though an increase in the level of mi rex exposure resulted in a de­
crease in the number of mated pairs producing l i t ters, the decrease 
was not signif icant (Table 23, Tables A14-A16). 
Numoer of days from pair ing of male and female to the birth of l i t ter 1 
Differences among treatments in the number of days from pair ing 
of male and female to the birth of the f i rst l i t ter, were not signif i­
cant (F = 0.02; d.f .  = 2,21). Although there was an apparent increase 
in days to l i t ter 1 with increase in level of mi rex exposure, the dif­
ference was not signif icant (Table 24). 
Mean number of offspring produced per group 
Signif icant dif ferences among treatments were not found in the 
number of offspring produced (F = 1.05; d.f ,  = 2,21). Controls pro­
duced more offspring, but this was not signif icantly dif ferent from 
0.1 or 0.5 ppm animals (Table 25). 
Percent survival of offspring to days 4 and 21 
Signif icant dif ferences (F = 3.98; d.f .  = 2,21; P <• 0.05) were 
found among treatments in the percent survival of pups to day 4. 
Increasing levels of mi rex resulted in decreasing percentage of pups 
to day 4 (Table 26, Graph 19). 
Signif icant dif ferences (P < 0.01) were found between the con­
trols and 0.5 ppm animals. No signif icant dif ference was found, how­
ever, between controls and 0.1 ppm animals. 
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Differences among treatments were signif icant (F = 5.05; d.f .  = 
2,21; P < 0.01), in the percent survival of pups to 21 days (weaning). 
As the level of mi rex increased, the survival of pups decreased (Table 
n, Graph 20). 
The dif ference was signif icant (P < 0.01) between control and 0.5, 
ppm animais. There was no signif icant dif ference between controls 
and 0.I  ppm animals. 
Lactation index 
There was no signif icant dif ference among treatments in the lacta­
t ion index (F = 1.32; d.f .  = 2,18). Though the lactat ion index was 
less in both 0.1 and 0.5 ppm animals than in the controls, this dif­
ference was not signif icant (Table 28, Graph 21). 
Percent mortal i ty oF pups 
Differences were signif icant (F = 4.94; d.f .  = 2,21; P < 0.05) 
among treatments in the percent mortal i ty of pups. An increase in 
exposure levels of mi rex resulted in an increase in mortal i ty of pups 
Table 29, Graph 22). 
A signif icant dif ference (P < 0.01) was found between controls 
and 0.5 ppm animals in the percent mortal i ty of pups. Though there 
was a 25 percent mortal i ty in 0.1 ppm, there was no signif icant dif­
ference from the controls. 
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Study 3; Muit igeneration. Continuous-exposure Study, 
Behavior of ochrogaster; Scoring Procedures and 
General Observations of Normal Development 
Scoring 
Behavioral responses were scored as fol lows; 0 = no response, 
1 = weak response, 5 = moderate response, and 9 = strong response 
(Fox, 1965). Data used for analyses were the percentages of the 
total number of offspring giving a strong response. 
Information was taken on each animal of 1st and 2nd generation 
ochrogaster for the entire test period of 21 days, or unti l  a 
strong response was reached in each pup or maternal adult tested. 
Behavioral responses for al l  control and experimental animals of 1st 
and 2nd generation ochrogaster were consolidated and information 
summarized (Tables A17-A22). Days to strong response were also 
summarized for each animal (Tables A23-A28). 
Analysis was done on the mean days to strong response for al l  
behavioral tests for control animals and animal groups receiving 
various levels of mi rex in their food. 
Al l  tests with the exception of rooting, postural f lexion, 
latency to retr ieve and defense of young showed a gradual increase 
in the strength of response unti l  maximum strength was reached. 
Rooting and postural f lexion showed maximum response strength at 
birth and gradually decreased in strength as pups developed. In 
adult females, retr ieval latency was shortest and defense of young 
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greatest at the t ime of birth of pups. Both responses decreased and 
eventual ly disappeared as pups developed. 
Normal behavior (pups) 
Behavioral tests were begun on the day of birth (Figure 1). At 
birth, pups were approximately 39-41 mm in length and 3-4 gm in weight. 
The pups are void of body hair and bright red in color. The skin in 
the abdominal region is transparent, and the eyes are also closed. 
Within a few days, the skin becomes pink in color and is covered with 
a layer of sleek grayish hair.  The major port ion of the activi t ies 
at this t ime are sleeping and nursing. The pups are usually attached 
to the teats of the mother who seldom leaves the nest. Observations 
revealed that the only t ime the mother left  the nest was for the con­
sumption of food and water, and then only for brief periods of t ime. 
Rooting (Figures 2,3) was a strong response immediately after 
birth. This response enabled the pup to feed as well  as to locate 
the mother's nipple. Rooting remained very strong up to 6-8 days. 
This response which coincided with eye opening and the consumption 
of sol id food disappeared between days 9-13 (Table 30). 
Righting (Figure 4) was not present at birth, but developed by 
day 3 (Table 30). In the 1st and 2nd days fol lowing birth, the pups 
were relat ively inactive. Most of their act ivi ty involved locating 
a teat i f  they became detached. By day " i ,  activi ty increased and 
many pups were pushed on their sides or backs and awkward attempts 
Figure 1. Pup at approximately 2k hrs. of age. Note pinkish color 
of skin and the f ine body hair.  Eyes are closed and the 
body is in the f lexed posit ion. 
Figure 2. El ici tat ion of rooting response. The head is bi lateral ly 
st imulated. 
Figure 3. Ful l  rooting response. The head and body are extended 
forward. 
Figure 4. Righting ref lex. The complete torso twist enables the 
pup to place i tself  upright. Note posit ion of the fore-
and hindl imbs and angle of the body. 
Figure 5. Postural f lexion. The body is curved extensively with 
fore- and hindl imbs pul led close to the body. The tai l  
is curled downward, further accentuating the f lexed 
posi t ion. 
Figure 6. Postural extension. Fore- and hindl imbs are extended 
and held away from the body. The tai l  is held away from 
the body further accentuating body extension. 
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to r ight themselves were observed. Strong response to r ighting 
occurred between days 8-12 (Table 30). 
Postural f lexion (Figure 5) and extension (Figure 6) are anta­
gonist ic responses; as one disappeared, the other appeared. Postural 
f lexion began at birth and continued over postural extension during 
the f i rst phase of the pup's l i fe which consisted principal ly of 
nursing and sleeping. When postural f lexion dominated, the pup re­
mained in constant contact with the mother. Postural f lexion dis­
appeared between days 7-12, and postural extension began between 
days 5-7. Strong postural extension f i rst occurred at the t ime that 
postural f lexion was disappearing, between 9-12 days. Postural ex­
tension was characterist ic of pups that were becoming more active 
and locomoting more eff iciently. 
Forel imb-(Figure 7) and hindl imb-grasp-ref lexes (Figure 8) both 
developed rapidly. The forel imb-grasp-ref lex began between days 1-3. 
The strength of the forel imb-grasp-ref lex reached strong response by 
days 8-12. The hindl imb-grasp-ref lex began on days 4 or 5 and de­
veloped more extensively as the pups became more act ive and began to 
cl imb up the wire port ion of the cage in which they l ived. Pups 
were often seen cl imbing up the wire cages with the forel imb grasp 
providing the necessary clasping strength. 
Hindl imb (Figure 10) and forel imb placing (Figure 11) developed 
more extensively as the animal 's motor coordination improved. Hind-
l imb placing began on days 3-4, nnd forel imb placing on day 3. 
Figure 7. Forel imb-grasp-ref lex of 5-day old pup. The probe is 
grasped by the forel imb of the young pup. The degree 
of curvature is not extensive. 
Figure 8. Forel imb-grasp-ref lex of 10-day old pup. Note extensive 
degree of curvature of the forel imb. 
Figure 9. Hindl imb-grasp-ref lex. The probe is grasped by the hind-
l imb of the young pup. This is a strong response i l lustra­
t ing maximum degree of curvature of hindl imb. 
Figure 10. Hindl imb placing. Fol lowing placing of the dorsal surface 
of the hindfoot in contact with the end of the f lat bar, 
the pup places the l imb atop the bar. 
Figure 11. Forel imb placing. Fol lowing placing of the dorsal surface 
of the forefoot in contact with the end of the f lat bar, 
the pup places the l imb atop the bar. 
Figure 12. Bar-holding abi l i ty. Pup holds onto bar by grasping with 
forel imbs and curving the body around the bar. 
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Forel imb placing progressed somewhat faster than that of hindl imb 
placing and reached strong response between days 5-6; hindl imb placing 
reached strong response between days 9-16. 
Bar-holding abi l i ty was also absent at birth, but developed 
gradually unti l  the animal was able to hold onto the bar continuously 
without fal l ing (Figure 12). Attempts to hold onto the bar by the 
pups began on day 3, but ful l  strong responses were not evident unti l  
between days 6-12. Though the pups seemed to be able to clasp their 
forel imbs about the bar earl ier than days 6-12, lack of muscular de­
velopment may have prevented a strong response. 
Negative geotaxis (Figures 13-18) developed late, appearing on 
day 6 or 7. In this test, the pup's head is oriented downward on a 
90° angle plane (Figure 13) and I t  immediately begins the turn (Figure 
14). Figures 15-18 show the completion of an 180° angle turn. Although 
each pup's f i rst complete turn was slow and awkward, al l  fol lowing turns 
occurred much more rapidly and smoothly. The ful l  strong response 
was reached between days 10-15. 
The extent of the pup's swimming abi l i ty on day 3 consisted of 
keeping the nose above water and swimming in circles (Figure 19). 
Although fore- and hindl imbs are both used when swimming f i rst occurs 
by day 6 (Figures 20-26), the hindl imbs are used more extensively than 
in the adult pattern of swimming. The typical adult pattern (Figures 
27-29) appears by day 15. The nose is held well  out of the water, 
the hindl imbs are used almost total ly, and the animal maneuvers with 
ease. 
Figure 13. Geotaxis. Pup is placed with head oriented downward on 
90° angle plane. 
Figure 14. Geotaxis. Beginning of the response; the head turns 
towards the r ight. 
Figures 15-18. Geotaxis. Successive stages of completing the 180° 
angle turn. 
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Figure 19. Swimming in 3-day old pup. First swimming pattern dis­
played by pup. Note circular pattern, nose and head 
maintained above water. 
Figure 20. Intermediate swimming pattern. Pup begins to use forel imbs 
and hindl imbs and is able to change directions in water. 
Figure 21. Intermediate swimming pattern. Lateral view of pup showing 
movements of hindl imbs with nose above water. 
Figure 22. Intermediate swimming pattern. Dorsal view of pup showing 
posit ion of head above water, extended tai l  and posit ion 
of fore- and hindl imb. 
Figure 23. Intermediate swimming pattern. Lateral view of pup showing 
movement of the forel imbs. 
Figure 24. Intermediate swimming pattern. Lateral view showing move­
ment of fore- and hindl imbs with back in arched posit ion. 
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Figure 25. Intermedi ate 
ment of fore-
swimming pattern. Lateral view showing move-
and hindlimbs with back in arched posit ion. 
Figure 26. Swimming, intermediate stage. Frontal posit ion of pup 
showing clear posit ion of head, nose and mouth above water. 
Figure 27. Adult swimming pattern. Pups moves easily above water 
surface, arched back, head and nose above water. 
Figures 28-29. Adult swimming pattern. Dorsal view indicating ease 
of movement and changing of direction while swimming. 
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Vibrissas placing (Figure 30) was f i rst  evident on day 4. This 
was indicat ive of the beginning of muscle control  of  the neck. This 
response was probably important in nursing and in seeking warmth in 
the early stages of development. This response reached strong response 
between days 8-12. 
Visual placing (Figure 31) was in i t iated at the t ime of eye open­
ing, on day 8 or 9. Strong responses occurred between days 11-13. 
When the eyes were ful ly opened the response was easi ly performed. 
Walking in a straight l ine (Figure 32) began between days 4-6 
and became more eff ic ient as musculo-skeletal  development progressed. 
Strong responses f i rst  occurred between days 10-13. Voles began to 
walk with a very shaky gait ,  fal l ing on many occasions. This was 
fol lowed by an immediate response to r ight themselves. As muscular 
coordinat ion progressed, the voles moved with ease over their  sur­
roundings, stopping quickly i f  any disturbances occurred. 
Normal posture (Figures 33-35) coincided with straight- l ine 
walking and began between days 5-7. Complete neuromuscular control  
and coordinat ion necessary for postural  tone occurred between days 
10-13. 
When the eyes opened at approximately day 12, the cl i f f -drop 
aversion response was tested (Figures 36,37).  On day 12 some of the 
animals belonging to each l i t ter were able to di f ferent iate between 
the two sides of the i l lusionary cl i f f -drop. On the f i rst  t r ial  
many of  the pups went to both sides several t imes before choosing 
Figure 30. Vibrassae placing response. As vibrassae come into 
contact with the f lat  bar,  pup extends forel imbs, arches 
neck and raises head. 
Figure 31. Visual response. As pup is gradual ly lowered toward the 
bar,  eyes focus on the bar,  forel imb and hindi imb are ex­
tended, and head is raised. 
Figure 32. Straight- l ine walking. Pup is able to support i tsel f  
whi le moving backward or forward in a relat ively straight 
path. 
Figures 33-35. Normal posture. Pup is supported securely on fore-
and hindl imbs. There is good muscular control  and postural  
tone. 
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Figure 36. Cliff-drop aversion test. Pup investigates the safe side 
of the i l lusionary cl i f f-drop from the platform. 
Figure 37. Cliff-drop aversion test. Pup makes correct response by 
choosing the safe side of the i l lusionary cl i f f-drop; 
steps down off the platform onto the glass below. 
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Table 30. Behavioral  development of  1st and 2nd generat ion Mj, 
ochrogaster pups and maternal adults 
Days at which Days to strong 
Test response f i  rst  response 
appeared 
Pups 
Rooting I  6-8 
Right ing ref lex 3 8-12 
Postural  f lexion 1 7-12* 
Postural  extension 5-7 9-12 
Forel imb-grasp-ref1 ex 1-3 8-12 L, 
Hindi imb-grasp-ref lex 4-5 8-14 
Hindl imb placing 3-4 9-16 
Forel imb placing 3 6-15 
Bar-holding abi l i ty 3 6-12 
Negative geotaxis 6-7 10-15 
Swimmlng 3 15 
Vibr iassae placing 4 8-12 
Visual placing 8-19 13-15 
Straight- l ine walking 4-6 10-13 
Normal posture 5-7 10-13 
Cl i f f -drop aversion^ 12 12 
Eye opening 6-7 11-13 
Auditory start le 5-7 9-14 
Maternal adults 
Latency-to-retr ieve ] 11-13^ 
Defense-of-young 1 10-12^ 
^Disappearance of response. 
'^Only moderate response reached. 
^First  day tested. 
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one side. With addit ional test ing, the voles ei ther went direct ly 
to the correct side or made one or two t r ips across the platform 
before choosing a side. Some pups exhibi ted correct responses on 
al l  days tested, though the percentage of those making the correct 
choice varied. 
Sl i t - l ike openings were f i rst  observed on day 6 or 7. There 
was gradual increase in s l i t  size unt i l  the ful ly rounded condit ion 
of the adult  occurred between days 11-13- After the eyes began to 
open, the voles would react to any visual disturbance by suddenly 
stopping or jumping. Eye-opening was also accompanied by increasing 
locomotion and explorat ion. The pups became less dependent on the 
mother and also responded to sol id food. Before eyes opened complete­
ly,  nursing was less frequent,  l imbs were much stronger and they were 
very eff ic ient in r ight ing. 
Auditory start le was not observed unt i l  late in the development 
of  the pup, between 5-7 days. The start le response was quite evident 
by days 9-14. After this period, noises produced from the accidental  
dropping of food t ins or cage tops could el ic i t  the auditory start le 
response. 
Maternal adults 
Retr ieval was present on the 1st day of bir th and progressively 
disappeared as the pups became older.  Between days 11-13, the response 
disappeared completely.  Retr ieval was, in most instances, immediate 
with l i t t le t ime spent grooming the pups before retr ieval of the next 
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pup. After retr ieving al l  pups, the mother remained in the nest for 
extended periods of t ime, especial ly when the pups were only a few 
days old. Retr ieval decreased as the pups grew older,  their  motor 
coordinat ion improved, and their  eyes opened. 
Defense of the young by the maternal adult  was maximal when the 
pups were newborn, bur gradual ly decreased in magnitude between days 
10-12. The disappearance of this response coincided with the pup's 
eat ing sol id food. 
Study 3: Mult igenerat ion. Continuous-exposure 
Study; Behavior,  1st Generat ion 
Behavior of  young 
Right ing ref lex (T-1) Pups which, when placed on their  
side, turned over immediately,  and rested securely with four feet on 
the table, were given a score of 9. Pups exhibi t ing a torso twist or 
awkward r ight ing were given a score of 5. Any other attempt of the 
pup to r ight i tsel f  was scored as 1. Although days to strong response 
were greater for 0.1 and 0.5 ppm animals than controls,  the di f ferences, 
among treatments were not s ignif icant (F = 2.23; d. f .  = 2,2k) (Table 31).  
Forel imb placing (T-2) and hindl imb placing (T-3) A score of 9 
was given when the back of the pup's fore-or hindl imb placed in con­
tact with the edge of a f lat  bar,  was l i f ted and placed atop the bar 
with ease. I f  the animal placed the l imb atop the bar with di f f icul ty,  
a score of 5 was given. An animal was assigned a score of 1 i f  i t  
attempted to l i f t  the l imb, but was not able to place i t  atop the bar.  
Table 31. The effects of cont inuous exposure to di f ferent mi rex concentrat ions on the mean days 
to strong response for behavioral  development in M. ochrogaster pups and maternal 
adults.  Mult igenerat ion, cont inuous exposure study, 1st generat ion. T-1 (Right ing 
ref lex),  T-2 (Forel imb placing),  T-3 (Hindi imb placing),  T-4 (Postural  f lexion),  T-5 
(Postural  extension),  T-6 (Normal posture),  T-7 (Forel imb-grasp-ref lex),  T-8 (Hindi imb-
grasp-ref lex),  T-9 (Swimming), T-10 (Straight-! ine walking),  T-I l  (Rooting),  T-12 
(Vibr issae placing),  T-13 (Visual placing),  T-14 (Negative geotaxis),  T-15 (Bar-holding 
abi l i ty),  T-17 (Eye opening),  T-18 (Auditory start le),  T-19 (Latency-to-retr ieve),  T-20 
(Defense-of-young) 
T reatment 
T-1 T-2 T-3 
Mean days to strong response 
T-4 T-5 T-6 T-7 T-8 T-9 T-IO 
C 8.8 8.4 10.4 9.0 10.0 11.6 9.2 9.6 15 11.1 
+.3102 +.4141 +.3886 +.4257 +.3147 +.3259 +.4624 +.3761 - - +.3289 
0.1 ppm 9.8 9.4 12.4** 9.8 10.1 11.9 8.8 10.0 15 12.2 
+.3469 +.4630 +.4346 +.4759 +.3518 +.3644 +.5170 +.4205 — — +.3677 
0.5 ppm 9.0 9.1 11.7" 10.3 10.9 11.4 9.6 10.2 15 11.2 
+.3270 +.4365 +.4098 +.4488 +.3317 +.5154 +.4874 +.3965 — +.3466 
""signif icant di f ference from control  value, P < 0.01. 
Signif icant di f ference from control  value, P< 0.05. 
Table 31. Continued 
Mean days to strong response 
Treatment 
T-11 T-12 T-13 T-14 T-15 T-17 T-18 T-19 T-20 
C 11.5 9.6 13.2 10.6 7.9 11.3 10.3 12.2 11.1 
+.3429 +.4277 +.2725 +.2946 +.3835 +.1649 +.3226 +.2198 +.29.5 
0.1 ppm 11.3 9.3 12.5 12.1"" 10.3" 11.1 11.1 12.5 11.3 
+.3834 +.4782 +.3047 +.3294 +.4287 +.1844 +.3607 +.2458 +.3259 
0.5 ppm 11.6 11.3"" 13.4 11.8** 9.1* 12.2** 12.7** 11.7 11.0 
+.3615 +.4508 +.2872 +.3105 +.4042 +.1739 +.3400 +.2317 +.3073 
Graph 23. The effects of cont inuous exposure to di f ferent mi rex concentrat ions on the mean days 
to strong response for behavioral  development in M. ochrogaster pups and maternal 
adults.  Mult igenerat ion, cont inuous exposure study, 1st generat ion. T-1 (Right ing 
ref lex),  T-2 (Forel imb placing),  T-3 (Hindi imb placing),  T-4 (Postural  f lexion),  T-5 
(Postural  extension),  T-6 (Normal posture),  T-7 (Forel imb-grasp-ref lex),  T-8 (Hindi imb-
grasp-refI  ex),  T-9 (Swimming), T-10 (Straight- l ine walking),  T-11 (Rooting),  T-12 
(Vibr issae placing),  T-13 (Visual placing),  T-14 (Negative geotaxis),  T-15 (Bar-holding 
abi l i ty),  T-17 (Eye opening),  T- l8 (Auditory start le),  T-19 (Latency-to-retr ieve),  T-20 
(Defense-of-young) 
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Differences among treatments in forel imb placing were not s ignif i ­
cant (F = 1.36; d. f .  = 2,24) though controls reached strong response 
in less t ime, 8.4 days, than did 0.1 and 0.5 ppm animals which reached 
strong response in 9.4 and 9.1 days respect ively (Table 31).  
Signif icant di f ferences among treatments (F = 6.03; d. f .  = 2,24; 
P< 0.01) did occur in hindl imb placing tests. Controls di f fered 
signif icant ly from 0.1 (P < 0.01) and 0.5 ppm (P < 0.05) animals in 
the number of  days to strong response in hindl imb placing. Controls 
reached strong response in 10.4 days whi le 0.1 and 0.5 ppm animals 
reached strong response in 12.4 and 11.7 days respect ively (Table 31, 
Graph 23).  
Postural  f lexion (T-4) and postural  extension (T-5) I f  the 
animal,  when suspended by the neck with the thumb and foref inger,  
cur led or f lexed i ts body, a score of 9 was given. Any degree of 
f lexion within the ful l  curved posit ion received a score of 5. A 
score of 1 was given i f  there was any attempt to f lex the body whi le 
not being able to hold this posit ion. 
There were n o  signif icant di f ferences (F = 2.24; d. f .  = 2,24) 
among treatments in animals displaying postural  f lexion. Controls 
reached strong response in 9.0 days, 0.1 and 0.5 ppm animals in 9.8 
and 10.3 days respect ively (Table 31).  
Pups extending al l  l imbs very r igidly received a score of 9 for 
postural  extension. A score of 5 was given for some degree of the 
extended pattern, and 1 i f  an attempt was made, but the animal was 
unable to hold the posit ion. 
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Signif icant di f ferences were not found among treatments (F = 2.13; 
d. f .  = 2,24).  Controls O.I  and 0.5 ppm animals reached strong response 
in 10.0, 10.1 and 10.9 days respect ively.  
Normal posture (T-6) I f  the animal supported i ts body on 
al l  four l imbs without any indicat ion of instabi l i ty (e.g.,  shaking, 
fal l ing),  a score of 9 was given. A score of 5 was given i f  the ani­
mal was able to support i ts body, but signs of instabi l i ty were evi­
dent.  A score of 1 was given i f  the animal made any incomplete at­
tempt to support i tsel f  and walk. 
No s ignif icant di f ferences (F = 0.37; d. f .  = 2,24) were found 
among treatment groups. Control ,  0.1 and 0.5 ppm animals reached 
strong response in 11.6 days, 11.9 days and 11.4 days respect ively 
(Table 31).  
Forel imb-qrasp-ref1 ex (T-7) and hindl imb-grasp-ref lex (T-8) 
I f  curvature of the feet were extensive when the pup grasped a probe 
used to stroke i ts fore- and hindfeet,  a score of 9 was given. A 
score of 5 was given i f  some degree of curvature was exhibi ted and 
1 i f  attempts to grasp the probe occurred. 
Signif icant di f ferences were not found among treatments groups 
(F = 0.64; d. f .  = 2,24) in the forel imb placing response. Controls 
reached strong response in 9.2 days; 0.1 and 0.5 ppm animals reaching 
strong response in 8.8 and 9.6 days respect ively (Table 13).  
There were no signif icant di f ferences found among the treatments 
(F = 0.67; d. f .  = 2,24) in the hindl imb-grasp-ref lex. The controls 
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reached the strong response in a shorter period of t ime (9.6 days),  
than did the 0.1 (10.1 days) and 0.5 (10.2 days) ppm animals (Table 
31).  
Swimming (T-9) Each pup was tested once on 5 di f ferent 
days; days 3, G, 9, 12, and 15 from bir th. An arbi trary scoring 
method involved a modif icat ion of the procedures used by Dorcey (1972) 
and Schapiro et aj_. (1970). A score of 9 was given to pups which dis­
played an adult  pattern of swimming with head, ears and nose maintained 
easi ly above water.  This pattern involved movement of  the hindl imbs 
with l i t t le movement of  the forel imbs, and the abi l i ty to change speed 
and direct ion. A pup whose head, ears and nose were maintained above 
water but used both forel imbs and hindl imbs in locomotion was given a 
score of 5. A score of 1 was given to a pup which swam slowly in 
circles keeping the nose just above water.  
There were no signif icant di f ferences among treatments in con­
trol ,  0.1 and 0.5 ppm animals. Al l  pups reached strong response by 
day 15 (Table 31).  
Straight- l ine walking (T-10) I f  pups were able to support 
themselves on al l  four l imbs and move ei ther backwards or forwards in 
a straight l ine, a score of 9 was given. I f  some degree of walking 
was exhibi ted, but not in a straight l ine, a score of 5 was assigned. 
I f  attempts to locomote were exhibi ted, a score of 1 was given. 
There were no signif icant di f ferences among treatments (F = 0.05; 
d. f .  = 2,24).  Control ,  0.1 and 0.5 ppm animals reached strong response 
in 11.1, 12.2, and 11.2 days respect ively (Table 31).  
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Root!ng (T-11) I f  the animal crawled forward fol lowing . 
st imulat ion of both sides of the head with the thumb and foref inger,  
a score of 9 was given. I f  the response was exhibi ted, but the at­
tempts to push the head forward and crawl were not successful ,  a 
score of 5 was given. A score of 1 was given for any attempt to 
thrust the head forward. 
Signif icant di f ferences (F = 0.18; d. f .  = 2 , 2 k )  among treatments 
did not occur.  Controls reached strong response in 11.5 days whi le 
0.1 and 0.5 ppm animals reached strong response in 11.3 and 11.6 days 
respect ively.  
Vibr issae placing (T-12) A score of 9 was given, i f  when 
the vibr issae came in contact with a f lat  bar,  the pup raised i ts head 
whi le at the same t ime extended the forel imb towards the bar.  I f  the 
vole extended the forel imbs without completely raising i ts head, a 
score of 5 was given. i f  the pup t r ied to establ ish some contact with 
the bar,  he received a score of I .  
There were s ignif icant di f ferences among treatments (F = 6.00; 
d. f .  = 2,2k; P < 0.01).  Animals exposed to 0.5 ppm mi rex reached 
strong response in 11.3 days; this was s ignif icant ly di f ferent (P < 0.01) 
from that of 9.6 days for controls.  There was no s ignif icant di f ference 
between controls and 0.1 ppm animals which reached strong response in 
9.3 days (Table 31j Graph 23).  
Visual placing (T-13) I f ,  when lowered to a crossbar, the 
vole l i f ted i ts head and extended i ts forepaws to contact the cross­
bar,  a score of 9 was given. I f  only one forepaw contacted the 
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crossbar or i f  contact was not maintained with both forepaws, a 
score of 5 was given. I f  only attempts were made to contact the 
crossbar, a score of I  was given. 
No s ignif icant di f ferences were observed among treatments (F = 2. 
d. f .  = 2,24).  Controls reached strong response in 13.2 days; 0.1 and 
0.5 ppm animals reached strong response in 12.5, and 13.4 days respec­
t ively (Table 31).  
Negative qeotaxis (T- l4) i f  the animals were able to 
negotiate a complete 180° turn with l i t t le or no di f f icul ty,  and then 
move up the plane, a score of 9 was given. Pups that attempted, but 
fai led to turn whi le maintaining contact with the board received a 
score of 5. I f  the animal attempted to turn around, but s l id down 
the incl ine, a score of 1 was given. 
Signif icant di f ferences (F = 6.81; d. f .  = 2,24; P < 0.01) among 
treatments were found in the days to strong response for negative 
geotaxis.  The days to strong response increased as mi rex exposure 
levels increased. Signif icant di f ferences (P < 0.01) were observed 
between controls which reached maximum response in 10.6 days and 0.1 
and 0.5 ppm animals who reached maximum response in 12.1 and 11.8 
days respect ively (Table 31, Graph 23).  
Bar-holding abi l i ty (T-15) A score of 9 was given when 
the animal grasped the bar longer than 5 sec. A score of 5 was given 
i f  the pup maintained contact for 3-5 sec. I f  the pup was able to 
grasp the bar for 1-2 sec. before fal l ing, he received a score of 1. 
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Signif icant di f ferences (F = 8.40; d. f .  = 2 , 2 k ;  P < 0.01) were 
found among treatment groups in the days to strong response in bar 
holding abi l i ty.  Both 0.1 and 0.5 ppm animals reached strong response 
in a greater period of t ime than did the controls.  
Signif icant di f ferences (P < 0.05) were found between controls 
which reached strong response in 7-9 days and 0.1 and 0.5 ppm animals 
which reached strong response in 10.3 and 9.1 days respect ively (Table 
31, Graph 23).  
Cl i f f -drop aversion (T- l6) Each vole was introduced into 
the apparatus for one t r ial  only at the ages of 12, \k,  18, 19, and 
20 days. A plus score was given i f  the vole stepped to the safe side 
without hesitat ion. Movement towards the apparent c l i f f -drop, freezing 
or no response (animal apparent ly unable to locomote normal ly) received 
a minus score. The number of  posit ive and negative responses were re­
corded for t r ials on each day. 
Although the percentage of correct responses decreased with in­
creased levels of mi rex exposure, there were no signif icant di f fer-
2 
ences among treatments on day 12 (X = 2.26; d. f ,  = 2),  day 14 
(X^ = 2.95; d. f .  = 2),  day l6 (X^ = 5.52; d. f .  = 2),  day 18 (X^ = 3.05; 
d. f .  = 2),  and day 20 (X^ = 2.17; d. f .  = 2) (Table 32, Graph 24).  
Eye opening (T-17) A score of 9 was given when eyes were 
ful ly in appearance. A s l i t  was scored as 1 and intermediate condi­
t ions of opening were scored as 5. 
There were s ignif icant di f ferences (F = 11.27; d. f .  = 2,24; 
P < 0.01) among treatments in the days to strong response for eye 
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Table 32. The effects of cont inuous exposure to di f ferent mi rex 
concentrat ions and the percentage of ochrogaster pups 
making the correct response in cl i f f -drop aversion test 
T-16 (Cl i f f -drop aversion),  1st generat ion 
T reatment Day Day Day Day Day 12 JU 16 18 20 
C 70 81 85 92 92 
0.1 ppm 61 84 81 88 85 
0.5 ppm 52 66 59 74 77 
Graph 2 k .  The effects of continuous exposure to different mi rex concentrations and 
the percentage of M. ochroqaster pups making the correct response in c l i f f -
drop aversion test T-16 (Cl i f f -drop aversion),  1st generat ion 
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opening. Highest exposure levels of mi rex resulted in increased days 
to strong response for eye opening. 
Animals receiving 0.5 ppm mi rex opened their  eyes in 12.2 days 
which was s ignif icant ly di f ferent (P < 0.01) from controls whose eyes 
open in 11.3 days. No s ignif icant di f ference was found between control  
and 0.1 ppm animals whose eyes opened in 11.1 days (Table 31j Graph 23).  
Auditory start le (T-18) An immediate start le response was 
indicated by the pups stopping, in addit ion to a sudden extension of 
the head, fore- and hindl imbs, and was scored as 9. A score of 5 was 
given i f  the pup ceased movement and extended the head without exten­
sion of the fore- and hindl imb. I f  the pup suddenly stopped, fai led 
to extend head and l imbs, and cont inued to move immediately there­
after,  a score of 1 was given. 
Signif icant treatment di f ferences were found (F = 12.98; d. f .  = 2,24) 
P < 0.01) in days to auditory start le among treatments. The highest 
mi rex exposure level resulted in the greatest t ime in teaching strong 
response. 
Signif icant di f ferences (P < 0.01) were found between controls 
which reached strong response in 10.3 days and 0.5 ppm animals which 
reached strong response in 12.7 days. No s ignif icant di f ference was 
found between controls and 0.1 ppm animals which reached strong 
response in 11.1 days (Table 31j Graph 23).  
Maternal behavior 
Latency-to-retr ieve (T-19) I f  maternal voles went 
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immediately to retr ieve the pups when they were placed back into the 
cage, a score of 9 was given. I f  the mother hesitated for at least 
5 sec. before moving to the pups, a score of 5 was given. I f  in addi­
t ion to a hesitat ion of 5 sec. or more before moving to the pups, the 
mother hesitated at least 10 sec. before picking up another pup, a 
score of 1 was given. 
There were no signif icant di f ferences among treatments (F = 3.17; 
d. f .  = 2,24) in days to strong response for latency-to-retr ieve. Re­
tr ieval disappeared in controls in 12,2 days and 12.5 and 11.7 days 
for 0.1 and 0.5 ppm animals respect ively (Table 31).  
Defense-of-younq (T-20) Any aggression by the mother such 
as bi t ing, pushing or nosing in response to attempts to touching pups 
with a blunt probe was scored as 9. I f  the mother only assumed an 
aggressive posture for approximately 5 sec. or more, a score of 5 was 
given. I f  the mother assumed an aggressive posture less than 5 sec. 
(usual ly 1-2 sec.),  a score of 1 was given. 
No s ignif icant di f ferences were found among treatments (F = 0.15; 
d. f .  = 2,24).  Strong response in controls disappeared in I I . l  days, 
11.3 and 11.0 days, for 0.1 and 0.5 ppm animals respect ively.  
Study 3; Mult igenerat ion. Continuous-exposure 
Study; Behavior,  2nd Generat ion 
Scoring in the 2nd generat ion study was done in the same manner 
as that of the 1st generat ion. 
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Signif icant di f ferences among treatments of M. ochrogaster pups 
were not found for the fol lowing tests: 1) r ight ing ref lex, T-1 F = 0.45; 
d. f .  = 1,14),  2) forel imb placing, T-2 (F = 0.99; d. f .  = 2,14) and 
hindl imb placing, T-3 (F = 0.20; d. f .  = 2,11),  3) postural  f lexion, 
T-4 (F = 0.75; d. f .  = 2,17) and postural  extension, T-5 (F = 0.75; 
d. f .  = 2,17),  4) normal posture, T-6 (F =0.37; d. f .  1,13),  5) fore-
1imb-grasp-ref lex. T-7 (F = 2.37; d. f .  = 2,15) and hindl imb-grasp-
ref lex, T-8 (F = 0.28; d. f .  = 2, l4),  6) swimming, T-S, 7) straight-
l ine walking, T-10 (F = 0.42; d. f .  = 2,13),  8) root ing, T-11 (F = 0.51; 
d. f .  = 2,17),  9) v ibr issae placing, T-12 (F = 0.32; d. f .  = 2,13),  10) 
v isual placing, T-13 (F = 0. l4;  d. f .  = 1,13),  11) negat ive geotaxis,  
T-14 (F = 0.84; d. f .  = 1,13),  12) bar-holding abi l i ty,  T-15 (F = 0.69; 
d. f .  = 1,13),  13) eye opening, T-17 (F = 0.92; d. f .  = 2, l6) and auditory 
start le,  T-18 (F = 2.75; d. f .  = 2,15 (Table 33).  
Dif ferences among treatments inj [^ ochrogaster maternal adults 
were also not s ignif icant for the fol lowing tests; I )  latency-to-
retr ieve, T-19 (F = 0.43; d. f .  = 2,17) and 2) defense-of-young, T-20 
(F = 1.50; d. f .  = 2,17) (Table 33).  
Signif icant di f ferences among treatments were found in the c l i f f -
2 drop aversion test on day 12 (X = 10.1; d. f .  = 2; P < 0.01),  day 14 
(X^ = 9.07; d. f .  = 2; P < 0.05),  day 16 (X^ = 15.2; d. f .  = 2; P < 0.01),  
day 18 (X^ = 15.36; d. f ,  = 2; P < 0.01) and day 20 (X^ = 8.00; 
d. f .  = 2; P < 0.05).  
Signif icant di f ferences found in the cl i f f -drop aversion test 
were as fol lows; 1) between controls and 0.1 p_pm animals (P < 0.01) 
Table 33. The effects of cont inuous exposure to di f ferent mi rex concentrat ions on the mean days 
to strong response for behavioral  development in M. ochrogaster pups and maternal 
adults.  Mult igenerat ion, cont inuous-exposure study, 2nd generat ion. T-1 (Right ing 
ref lex),  T-2 (Forel imb placing),  T-3 (Hindi imb placing),  T-4 (Postural  f lexion),  T-5 
(Postural  extension),  T-6 (Normal posture),  T-7 (Forel imb-grasp-refI  ex),  T-8 (Hindi imb-
grasp-ref lex),  T-9 (Swimming), T-10 (Straight- l ine walking),  T- l l  (Rooting),  T-12 
(Vibr issae placing),  T-13 (Visual placing),  T- l4 (Negative geotaxis),  T-15 (Bar-holding 
abi l i ty),  T-17 (Eye opening),  T- lS (Auditory start le),  T-19 (Latency-to-retr ieve),  T-20 
(Defense-of-young) 
T reatment 
T-1 T-2 T-3 
Mean days to strong response 























































^None of the animals tested reached strong response. 
Table 33. Continued 
Mean days to strong response 
Treatment 
T-11 T-12 T-13 T-14 T-15 T- l? T-18 T-19 T-20 
C 10.1 10.7 13.0 12.6 10.8 11.9 12.7 11.6 10.7 
4% 3194 +.4134 +.6495 +.4983 +.4225 +.2247 +.3821 +.3545 +.3512 
0.1 ppm 10.6 11.0 12.7 11.8 11.3 11.6 11.6 12.0 I I . I  
+.3621 +.5064 +.6730 +.6103 +.5175 +.2548 +.2548 +.4331 +.3981 
0.5 ppm 10.5 10.0 —® ® ® 11.3 11.0 11.5 10.0 
+.4790 +1.240 +.3892 +.8106 +.5317 +.5266 
176 
on day 12, 2) between the controls and 0.1 ppm animals (P < 0.05),  
as wel l  as 0.5 ppm animals (P < 0.01) on day 14, 3) between the con­
trols and 0.5 ppm animals (P < 0.01) on day 14, 4) between controls 
and 0.1 ppm and 0.5 ppm animals (P < 0.01) on day 18, and 5) between 
controls and 0.5 ppm animals (P < 0.01) on day 20 (Table 34, Graph 
24).  
Although there were no signif icant di f ferences in the mean days 
to strong response for any behavioral  test with the except ion of the 
cl i f f -drop aversion, many 0.5 ppm animals never reached strong 
response. Therefore, stat ist ical  analyses were run on the percentage 
of animals reaching and not reaching strong response for controls,  
0. Î  and 0.5 ppm animals of  the 2nd generat ion. 
Behavior of  pups 
Right ing ref lex (T-1) Al l  control  and 0.1 ppm animals reached 
strong response in the r ight ing test.  No 0.5 ppm animals reached 
strong response. Since the response was the same for al l  pups tested 
in each treatment,  no variat ion occurred, and data could not be sub­
jected to stat ist ical  analyses. I t  would appear that s ignif icant di f­
ferences do exist  as i t  is obvious that al l  control  and 0.1 ppm ani­
mals reached strong response whi le no 0.5 ppm animals did. 
Forel imb placing (T-2) and hindl imb placing (T-3) Signif i ­
cant di f ferences were not found among treatments in forel imb placing 
(F = 3.17; d. f .  = 2,17).  Though al l  controls reached strong response, 
they did not di f fer signif icant ly from the 86 percent and 50 percent 
of  0.1 and 0.5 ppm animals respect ively.  
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Table 3k. The effects of continuous exposure to dif ferent mi rex 
concentrat ions and the percentage of ochrogaster pups 
making the correct response in cl i f f-drop aversion test 
T"*l6 (Cl i f f-drop aversion), 2nd generation 









C 69 89 77 90 87 
0.1 ppm 41 59* 76 76-* 70 
0.5 ppm l l ' " '  33** 0** 17'" 33** 
^Signif icant dif ference from control value, P < 0.05. 
/Vî'» 
Signif icant difference from control value, P < 0.01. 
Graph 25. The effects of continuous exposure to dif ferent mi rex concentrat ions and 
the percentage of M. ochrogaster pups making the correct response in cl i f f-
drop aversion test 1-16 (Cli f f-drop aversion), 2nd generation 




Differences were signif icant (F = 5.98; d.f .  = 2,17; P < 0,01) • 
among treatments involving hindi imb placing. Higher levels of mi rex 
exposure resulted in a decrease in the percentage of pups reaching 
strong response. A signif icant dif ference (P < 0,05) was found be­
tween controls and 0.5 ppm animals. Al l  control animals reached strong 
response; this was signif icantly dif ferent (P < 0.05) from 0.1 ppm ani­
mals In which only 57 percent of the pups reached strong response. A 
signif icant dif ference (P < 0.01) was also found between the controls 
and 0.5 ppm animals in which 25 percent reached strong response (Table 
35, Graph 26). 
Postural f lexion (T-4) and postural extension (T-5) There 
were no dif ferences among treatment groups for either postural f lexion 
or extension. Al l  control,  0.1 and 0.5 ppm animais reached strong 
response in both tests. 
Normal posture (T-6) There were signif icant dif ferences 
among treatments In the days to strong response for normal posture 
(F = 28.68; d.f .  = 2,17; P < 0.01). An Increase In level of ml rex 
exposure, resulted In a decrease In percentage of animals reaching 
strong response. Al l  control animals reached strong response; no 0.5 
ppm animals reached strong response. Signif icant dif ference was not 
found between controls and 0.1 ppm animals In which 86 percent reached 
strong response (Table 35, Graph 26). 
Fore1Imb-grasp-ref lex (T-7) and hindl imb-qrasp-ref lex (T-8) 
A signif icant dif ference among treatments was not found In the forel imb-
grasp-ref lex (F = 1.02; d.f .  = 2,17), even though 100 percent of the 
Table $5. The effects of continuous exposure to dif ferent mi rex concentrat ions on the percentage of 
ochroqaster pups and maternal adults reaching strong response and not reaching 
strong response for behavioral development. Mu1tigeneration, continuous exposure study, 
2nd generation. T-1 (Righting ref lex), T-2 (Forel imb placing), T-3 (Hindi imb placing), 
T-4 (Postural f lexion), T-5 (Postural extension), T-6 (Normal posture), T-7 (Forel imb-
grasp-ref lex), T-8 (Hindi imb-grasp-ref lex), T-9 (Swimming), T-10 (Straight- l ine walking), 
T-11 (Rooting), T-12 (Vibrissas placing), T-13 (Visual placing), T-l4 (Negative 
geotaxis), T-15 (Bar-holding abi l i ty),  T-17 (Eye opening), T-18 (Auditory start le), T-19 
(Latency-to-retr ieve), T-20 (Defense-of-young) 
T rea tment 
T-1 T-2 
Difference in animals reaching strong response 
T-3 T-4 T-5 T-6 T-7 T-8 T-9 T-10 
OJ ppm 
100 100 100 100 





100 100 100 100 100 
























"signif icant dif ference from control value, P < 0.05. 
""signif icant dif ference from control value, P < 0.01. 
Table 35. Continued 
Difference in animals reaching strong response 
Treatment y-IZ T-13 T-14 T-15 T-17 T-18 T-19 T-20 
100 100 100 100 100 100 100 100 
+.1025 +.0748 +.0748 +. 0748 +.0700 +.0808 — 
100 
0.1 ppm 100 86 86 86 86 100 100 100 
+.3074 +.0849 +.0849 +.0849 +.0794 +.9017 
100 
0.5 ppm 100 25"" 0 '  0"" 0 "  75 50"'  100 
+.1537 +.1123 +.1123 +.1123 +.1050 +.1213 — 
100 
Graph 26. The effects of continuous exposure to dif ferent mi rex concentrat ions on the percentage 
of M. ochroqaster pups and maternal adults reaching strong response and not reaching 
strong response for behavioral development, Mult igeneration, continuous exposure study, 
2nd generation. T-1 (Righting ref lex), T-2 (Forel imb placing), T-3 (Hindi imb placing), 
T-4 (Postural f lexion), T-5 (Postural extension), T-6 (Normal posture, T-7 (Forel imb-
grasp-ref lex), T-8 (Hindi imb-grasp-ref lex), T-9 (Swimming), T-10 (Straight- l ine walking), 
T-11 (Rooting), T-12 (Vibrissae placing), T-13 (Visual placing), T-l4 (Negative 
geotaxis), T-15 (Bar-holding abi l i ty),  T-17 (Eye opening), T-18 (Auditory start le), T-19 
(Latency-to-retr ieve), T-20 (Defense-of-young) 
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pups reached strong response in the controls in contrast to 86 and 75 
percent of O.l and 0.5 ppm animals respectively (Table 35). 
Signif icant dif ferences among treatments also were not found 
(F = 1.44; d.f .  = 2,17) in the hindl imb-grasp-ref lex. Strong response 
was reached in 100 percent of the controls in contrast to 71 and 75 
percent in 0.1 and 0.5 ppm animals respectively (Table 35). 
Swimming (T-9) Al l  control and 0.1 ppm animals reached 
strong response. No animals reached strong response at mi rex exposure 
of 0.5 ppm. Since the response was the same for al l  pups tested in 
each treatment, no variat ion occurred, and data could not be subjected 
to an analysis of variances. However, i t  is very l ikely that signif i­
cant dif ferences do exist between control and 0.5 ppm animals. 
Straight- l ine walking (T-10) Signif icant dif ferences among 
treatments were observed in the percentage of animals reaching strong 
response in straight- l ine walking (F = 8.42; d.f .  = 2,17; P < 0.01). 
A signif icant dif ference was observed between controls (P < 0.01), 
in which 100 percent of the pups reached strong response and 0.5 ppm 
animals in which only 25 percent of the animals reached strong response. 
No signif icant dif ference occurred between controls and 0.1 ppm animals 
in which 86 percent of the pups reached strong response (Table 35, 
Graph 26). 
Rooting (T-11) Al l  animals reached strong response in the 
rooting response, and no signif icant dif ference was observed among 
treatments (Table 35). 
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Vibrissae placing (T-12) Signif icant dif ferences were 
found among treatments in the percentage of animals reaching strong 
response in vibrissae placing (F = 8.42; d.f .  = 2,17; P < 0.01). 
Al l  controls reached strong response; this was signif icantly 
dif ferent from 0.5 ppm animals in which only 25 percent reached strong 
response. No signif icant dif ference was found between controls and 
0.1 ppm animals which reached 86 percent strong response (Table 35, 
Graph 26). 
Visual placing (T-13) Signif icant dif ferences among treat­
ment were found in the percentage of animals reaching strong response 
in visual placing (F = 28.68; d.f .  = 2,17; P < 0.01). Increased levels 
of mi rex exposure resulted in a decrease in the percentage of animals 
reaching strong response. 
Signif icant dif ferences (P< 0.01) were found between controls in 
which 100 percent reached strong response in contrast to 0 percent in 
the 0.5 ppm animals. No signif icant dif ference was found between con­
trols and 0.1 ppm animals in which 86 percent reached strong response 
(Table 35, Graph 26). 
Negative geotaxis (T-14) Differences among treatments were 
found in the percentage of animals responding to negative geotaxis 
(F = 28.68; d.f .  = 2,17; P < 0.01). The percentage of animals reaching 
strong response decreased as the level of mi rex exposure increased. 
There was a signif icant dif ference (P < 0.01) between controls in 
which 100 percent of the animals reached strong response and 0.5 pprh 
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animals in which 0 percent reached strong response. No signif icant 
dif ference was found between controls and 0.1 ppm animals in which 86 
percent reached strong response (Table 35, Graph 26). 
Bar-holding abi l i ty (T-15) Signif icant dif ferences were 
found among treatments (F = 28.68; d.f .  =2,17) in the percentage of 
animals reaching strong response in bar holding abi l i ty. increased 
in mi rex levels corresponded with decreased numbers of animals reach­
ing strong response. 
A signif icant dif ference (P < 0.01) was found in bar-holding abi l­
i ty of controls which al l  reached strong response and 0.5 ppm animals 
where none reached strong response. No signif icant dif ference was 
found between controls and 0.1 ppm animals in which 86 percent of 
the animals reached strong response (Table 35, Graph 26). 
Eye opening (T-17) Signif icant dif ferences were not found 
among treatments (F = 2.26, d.f .  = 2,17) in the percentage of animals 
reaching strong response even though 100 percent of the controls 
reached strong response in contrast to 100 percent and 75 percent in 
0.1 ppm and 0.5 ppm animals respectively. 
Auditory start le (T-18) Differences were signif icant 
among treatments (F = 6.80; d.f .  = 2,17; P < 0.01) in the percentage 
of animals reaching strong response, for auditory start le response. 
The highest level of mi rex exposure resulted in the lowest percentage 
of animals reaching strong response. 
A signif icant dif ference (P< 0.01) was found between controls 
in which 100 percent reached strong response and 0.5 ppm animals in 
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which 50 percent of the animals reached strong response. No signif i­
cant dif ference was found between controls and 0.1 ppm animals which 
also had 100 percent of their animals reaching strong response (Table 
35J Graph 26). 
Behavior of maternal adult 
Latency-to-retr ieve (T-19) No signif icant dif ferences were 
found among treatments in the percentage of animals reaching strong 
response in retr ieving. Al l  control,  0.1 and 0.5 ppm animals reached 
strong response (Table 35). 
Defense-of-young (T-20) No signif icant dif ferences were 
found among treatments in the percentage of animals reaching strong 
response in defense-of-young. Al l  control,  0.1 and 0.5 ppm animals 
reached strong response (Table 35). 
Mi rex Residues in ochroqaster Whole-body Tissue 
Mi rex residues in single-generation, 90-day exposure study 
The 90-day residue levels in whole-body burden of hL ochrogaster 
were subjected to l inear regression analysis. Considering that X = ppm 
mi rex in the feed and Y = ppm mi rex in the whole-body t issue, then 
Y = BQ  + B]X. The Y intercept for this study was BQ  = .288, the slope 
B^ = .262. Group dif ferences in t issue residue levels were found be­
tween controls and exposure levels of 1, 5, 10, 15 and 25 ppm. Gas 
chromatographic analysis indicated signif icant dif ferences in the 
treatments in relat ion to ppm mi rex in the diet and corresponding 
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residue levels in t issue (F = 22.24; d.f .  = 5,12; P < 0.01). With an 
increase in the level of mi rex in the diet, there was a corresponding 
increase in t issue residue level. A good straight l ine of f i t  resulted 
from l inear regression between the amount fed and amount of residue 
accumulated (F = 103.98; d.f .  = 1,2; P< 0.01). Differences due to lack 
of f i t  were not signif icant (Table 36, Graph 27, Table A29). 
Mi rex residue in single-generation, continuous-exposure study 
Residue levels in ochrogaster continuously exposed to mi rex 
were subjected to stat ist ical analysis by l inear regression. The Y 
intercept was BQ  = 1.264 and the sope = 2.675. Group dif ferences 
in t issue residue levels were found between controls and exposure 
levels of 0.1, 0.5, 0.7, 1 and 5 ppm. Vole t issue analysis re­
vealed signif icant dif ferences in the treatments with regard to ppm 
mi rex in the diet and corresponding residue levels in the t issue 
(F = 1317; d.f .  = 5,12; P < 0.01). Linear regression indicated a 
good straight l ine of f i t  between the amount fed and amount of residue 
accumulated (F = 53.98; d.f .  = 1,12; P < 0.01). Differences due to 
lack of f i t  were not signif icant (Table 37, Graph 28, Table A30). 
Mi rex residue in mult igeneration, continuous-exposure study 
Parents; Residue levels in adults which served as parents of 1st 
generation offspring of the mult igeneration study were subjected to 
l inear regression analysis. In this analysis, B^, the Y intercept = 
.139 and the slope B^ = 6.167. The analysis indicated signif icant 
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Table 36. Mean residue levels of mi rex in whole body burden of M. 
ochrogaster adults exposed to dif ferent mi rex concentra­
t ions for 90 days 
Treatment Mi rex residue levels in t issue (ppm)^ 
c 0.02 
1 ppm 0.13 
5 ppm 1.40 
10 ppm 3.76 
15 ppm 5.00 
25 ppm 6.10 
^Average of t issue residues of 3 samples of 3 animals each. 
Graph 27. Mean residue levels of mi rex in whole body burden of M. 
ochroqaster adults exposed to dif ferent mi rex concentra­
t ions for 90 days 




Table 37. Mean residue levels of mi rex in whole-body burden of ^  
ochrogaster adults exposed continuously to dif ferent 
mi rex concentrat ions 
Treatment Mi rex residue levels In t issue (ppm)^ 
c 0.4 
0.1 ppm 0.86 
0.5 ppm 2.23 
0.7 ppm 1.30 
1.0 ppm 8.66 
5.0 ppm 14.00 
^Average of t issue residues of 3 samples of 3 animals each. 
Graph 28. Mean residue levels of mi rex in whole-body burden of M. 
ochroqaster adults exposed continuously to dif ferent 
mi rex concentrat ions 





group dif ferences between controls and exposure levels of mi rex in 
diet of 0.1, and 0.5 ppm. Residue levels in t issue dif fered signif­
icantly (F = 18.74; d.f .  = 2,6, P < 0.01). Linear regression re­
vealed a good straight l ine of f i t  between the amount fed and the 
amount of residue accumulated (F = 42.0; d.f ,  = 1,6; P < 0.01). 
Differences due to lack of f i t  were not signif icant (Table 38, Graph 
29, Table A31). 
1st Generation; Residue levels in the 1st generation voles 
exposed to mi rex through utero, mother's milk and diet unti l  weaning 
were subjected to l inear regression analysis. The Y intercept, = 
.377, and the slope Bj = 4.143. Group dif ferences in t issue residue 
levels were found between controls and exposure levels of 0.1 and 0.5 
ppm. Residue levels in t issue dif fered signif icantly with regard to 
mi rex in the diet and corresponding residue levels in the t issue 
(F = 32.25; d.f .  = 2,6; P < 0.01). Analysis revealed a good straight 
l ine of f i t  with regard to mi rex exposure via utero, milk and diet 
and mi rex in body t issue (F = 7.20; d.f .  = 1,6; P < 0.01). No signif i  
cant dif ferences were found due to lack of f i t  (Table 38, Graph 30, 
Table A31). 
2nd Generation: Residue levels in 2nd generation voles exposed 
to mi rex through the same means as 1st generation voles were subjected 
to l inear regression. The Y intercept, BQ  = .0059, and the slope 
B^ = 3.976. Signif icant group dif ferences were found between the 
controls and exposure levels of 0.1, and 0.5 ppm. Residue levels in 
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Table 38. Mean residue levels of mi rex in whole-body t issue of 
ochroqaster after continuous exposure of dif ferent con­
centrat ions on parental,  1st generation and 2nd genera­
t ion adults 
Treatment Mi rex residues in t issue^ 




.05 ppm .03 ppm 
0.1 ppm .86 ppm 1.20 ppm .37 ppm 
0.5 ppm 3.20 ppm 2.36 ppm 2.0 ppm 
^Average of t issue residues of 3 samples of 3 animals each. 
Graph 29. Mean residue levels of mi rex in whole-body t issue of 
M. ochroqaster after continuous exposure of dif ferent 
concentrat ions on parental adults 
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Graph 30. Mean residue levels of mi rex in whole-body t issue of M. 
ochroqaster after continuous exposure of dif ferent con­
centrat ions on 1st generation adults 
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t issue dif fered signif icantly with regard to ppm mi rex in the diet and 
corresponding t issue levels of mi rex (F= 613.99; d.f .  -2,6; P< 0.01). 
Analysis revealed a good straight l ine of f i t  with regard to ppm mi rex 
in exposure levels of mi rex in utero, milk and diet and mi rex residue 
in body t issue (F = 1254.53; d.f .  = 1,6; P <0.01). No signif icant 
dif ferences were found due to lack of f i t  (Table 38, Graph 31, 
Table A31). 
Graph 31. Mean residue levels of mi rex in whole-body t issue of M. 
ochroqaster after continuous exposure of dif ferent con­
centrat ions on 2nd generation adults 
MEAN RESIDUE LEVELS OF MIREX (PPM) 
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CHAPTER V. DISCUSSION 
The effects of mi rex on reproduction have been sparsely studied by 
previous investigators. There have been no known studies specif ical ly 
involving the effects of mi rex on the behavioral development of mam­
mals. Various investigators have indicated that further use of mirex 
in the environment should be curtai led unti l  suff icient studies in­
volving mirex exposure and the possible detr imental effects to wildl i fe 
have been completed. 
This study was an attempt to investigate the effects of mirex on 
reproductive success of M. ochrogaster in 1) single generation, 90-
day exposure study, 2) single generation, continuous-exposure study 
and 3) mult igeneration, continuous-exposure study. In addit ion, the 
behavioral development of M. ochrogaster pups and maternal adults were 
investigated in the mult igeneration, continuous-exposure study. 
Reproductive parameters investigated were as fol lows; 1) adult 
mortal i ty, 2) percentage of mated pairs producing l i t ters each genera­
t ion, 3) number of days from pair ing of male and female to the birth of 
successive l i t ters, 4) number of days between consecutive l i t ters, 5) 
number of offspring per l i t ter, 6) number of l i t ters produced per 
group, 7) number of offspring per group, 8) percentage of pups swimming 
to days 4 and 21, 9) lactat ion index and 10) percent mortal i ty of pups. 
Behavioral development test investigated were as fol lows; 1) 
r ighting ref lex, 2) fore- and hindl imb placing, 3) postural f lexion 
and extension, 4) normal posture, 5) fore- and hindl imb-grasp-ref lex. 
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6) swimming, 7) straight- l ine walking, 8) rooting, 9) vibrissas placing, 
10) visual placing, 11) negative geotropism, 12) bar-holding abi l i ty, 
13) cl i f f-drop aversion, 14) eye opening, 15) auditory start le, 16) 
latency-to-retr ieve and 17) defense-of-young. 
In the single generation reproductive studies, the stress imposed 
by reproduction and lactat ion could accentuate any toxicological effect 
which might result from the addit ion of mi rex to the diet. With al l  
these factors operating any decrease in the reproductive success would 
provide essential information as to the effects of mi rex on continuous 
reproductive performance of M. ochrogaster through successive genera­
t ions. 
The mult igeneration reproductive and behavioral development studies 
were designed to seek information on the long term cumulative effects 
of mi rex through two generations using sublethal dosages. I t  was 
hoped that any subtle effects on behavioral development could be ascer­
tained as well  as any cumulative effects result ing in the decrease in 
reproductive performance. 
The dosages used ranged from high levels which have been found in 
the environment which have resulted from the cumulative effects of the 
pesticide, to low levels approaching dosages applied to the environ­
ment direct ly. Mi rex levels used were as fol lows: Study 1) 1, 5, 10, 
15, and 25 ppm. Study 2) 0.1, 0.5, 0.7, 1 and 5 ppm, and in Study 3) 
0.1 and 0.5 ppm. 
The choice of M. ochrogaster for this investigation al lowed the 
incorporation of a wi ldl i fe species in this study. Information 
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thus obtained would have possible implication to other wildlife 
species. 
Study 1: Single Generation, 90-Day exposure Study 
Adult mortali ty 
Mi rex levels of 5, 10, 15 and 25 ppm in M. ochroqaster for 90 
days resulted in a progressive increase in mortality with respect to 
exposure levels (Table 1). 
Animals exposed to 1 ppm died within 34-124 days; 5 ppm animals 
died within 34-106 days; 10 ppm animals died within 36-96 days; 15 
ppm animals died within 68-106 days and 25 ppm animals died within 32-
78 days. 
Voles were not able to survive mi rex levels of 25 ppm for 90 
days. At 5 ppm mi rex exposure, 46 percent survival occurred. This 
level approached the LD^g of 6 ppm of mi rex for white rats reported 
by Gaines and Kimbrough (1970). 
The results of this study were also consistent with investiga­
tions of Ware and Good (I967) who reported that mi rex levels of 5 ppm 
produced a significant increase in mortality of BALB/c strain mice 
when animals were exposed for 90 days. Mi rex feeding produced complete 
mortality in rats by 9 days at 250 ppm level, by l4 days at 50 ppm 
level and 60 days at 10 ppm. Similar results were reported by the 
World Health Organization (1974) wherein female mice were given 10 
ppm mi rex per day unti l 28 days, then transferred to a diet of 26 ppm 
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until 70 weeks, at which time all were dead. Gaines and Kimbrough 
(1970) fed rats 250 ppm mi rex and the animals died within I6-6O days. 
Stickel et ail_. (1973) reported 250 ppm mi rex kil led 50 percent of young 
grackles in 38 days. 
Larson (1968) fed mice 0.5, 20, 80, 320, 1280 ppm mi rex for 13 
weeks. Death was observed at the highest dose level (1280 ppm), where­
as 320 ppm caused stunted growth. These results seem out of l ine with 
my f indings in which 25 ppm mi rex exposure caused complete mortality, 
as well as the findings of others. In another study with dogs, Larson 
(1968) fed mi rex daily at 4, 20 and 100 ppm. Deaths were observed at 
100 ppm, but no effects occurred at 20 ppm. In this instance, the size 
of the dog compared to that of the vole could be a factor in the toxic 
sensitivity of the animal to mi rex. 
Throughout these studies animals were observed for any indication 
that extended mi rex treatment resulted in changes in general health 
status. Observations revealed that M. ochroqaster adults exposed to 
levels of 5, 10, 15 and 25 ppm of mi rex exhibited spastic gait, 
diarrhea, bleeding from the rectal area and loss of equil ibrium and 
coordination, !vie et aj_. (1974b) also found that in some of their test 
rats bleeding occurred in the region of the external genitalia. These 
animals were fed 3 ppm mi rex in their diet. Lowe et al. (1971) found 
that shrimp and crab exposed to mi rex bait exhibited symptoms of 
irr itabil i ty, uncoordinated movement, loss of equil ibrium and paralysis 
prior to death. Schoor (1971) also reported that loss of equil ibrium 
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occurred in adult blue crabs exposed to 0.5 ppm and 0.25 ppm mi rex for 
16 hours. Gaines and Kimbrough (1970) found that rats fed 250 ppm 
showed signs of poisoning by diarrhea, weakness and hyperexcitabi1ity. 
Kendall (1974) found that surviving rats fed at 365 ppm of mi rex ex­
hibited obvious lethargy, tremors and diarrhea, while Ludke £t al_. (1970 
found crayfish treated with 1-5 ppb mi rex and mi rex bait granules showed 
signs of init ial hyperexcitabi1ity, sluggishness, and loss of coordina­
tion. Stickel et al. (1973) reported that wild grackles became inactive 
and failed to give normal avoidance reactions. They were later observed 
to sway out of balance, fall to the f loor, show disorientation in flying, 
lack coordination and exhibit body jerking. Dietary dosages of 2250, 
750 and 250 ppm kil led 50 percent of the birds in 5, l4 and 38 days. 
From these investigations, i t  appears that mi rex toxicity is 
characterized by loss of equil ibrium, development of uncoordinated 
movements, bleeding of the recto-genital area and diarrhea. One may 
speculate that these signs appear at levels of 5 ppm and above follow­
ing continuous exposure to mi rex. The loss of balance, tremors, spas­
t ic gait and uncoordination suggest some nervous system involvement. 
Percentage of mated pairs producing l i tters each generation 
In this study, increasing mi rex levels of 1, 5, 10 and 15 ppm 
caused a progressive decrease in the percentage of M. ochrogaster adults 
producing l i tters through the 4th generation (Table 2). Adults exposed 
to higher concentrations of mi rex produced fewer l i t ters. 
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Ware and Good (1967) found that 5 ppm mi rex introduced into the 
diet resulted in low ferti l i ty rates in rats. The percentage of mated 
pair producing l i tters in this study was used as a measure of the 
ferti l i ty index. Gaines and Kimbrough (1970) reported that there was 
no difference in reproductive performance in rats fed 5 ppm for 102 
days. At higher levels of 300-600 ppm in laying hens, Naber and Ware 
(1965) reported no decrease in reproductive performance for I6 wks. 
Hyde et (1973) also reported that mi rex does not affect ferti l i ty 
rates of mallards fed 1 and 100 ppm mi rex, while I  vie aj.. (1974a) 
found that following mi rex treatment of I.I ppm, egg production in 
Japanese quail was not affected. 
Thus there is a confl ict of opinion as to the affects of mi rex on 
the ferti l i ty capacity of mammals. The results of this study however, 
tend to agree with those of Ware and Good (1967) which indicated that 
mi rex suppressed the ferti l i ty capacity of mammals at exposure levels 
of 5 ppm. In this study, the ferti l i ty index was decreased at 1 ppm 
mi rex as well as at higher levels. In contrast, mi rex levels of 1.1-
600 ppm in birds had no apparent effect. 
There was also a decrease in the number of reproducing pairs each 
generation. Since this same effect occurred in the controls, i t  can 
be speculated that the possible causes were due to: 1) age of females, 
and 2) seasonal variation in reproductive activity. This does not 
agree with Gier and Cooksey (I967) who reported that there does not 
seem to be any difference in reproductive abil ity between females of 
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50-100 and 400-500 days of age. Richmond and Conway (1969) also re­
ported no seasonal variation in reproductivity in M. ochroqaster main­
tained in the laboratory. 
However, since mi rex in the diet of my investigation was terminated 
at 90 days, i t  would appear that some mi rex would be eliminated through 
time and hence reproductive capacity would be enhanced through each 
succeeding generation. This does not occur and therefore, the decrease 
in pairs reproducing each successive generation may either be due to 
ageing factors, or seasonal variation in reproductivity. 
Number of days from pairing of male and female to birth of successive 
1i tters 
There was an increase in the days to the birth of successive 
l i tters with the exception of 15 ppm animals (Table 3). This increase 
in 1, 5 and 10 ppm animals was through the 3rd l i tter. Since the voles 
were taken off mi rex after 90 days, decreasing effects on successive 
l i tters could have been the result of elimination of the mi rex from the 
animal. Theoretically, the greater the period of time the animals were 
off the mi rex diet, the closer they should come to normal reproductive 
performance. 
Ware and Good (1967) found that there was increased time before 
the birth of the f irst l i tter in CFW strain mice fed 5 ppm mi rex for 
90 days. 
Only one pair of animals reproduced in the 15 ppm treatment group. 
These animals reproduced earlier than any of the other treatment groups 
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including that of the control. One possible explanation could have 
been the early maturation of this particular pair of voles. 
Gier and Cooksey (1967) reported that the male vole is mature 
between 42 and kS days and the female between 34 and 40 days. Richmond 
and Conway (I969) believed that sexual maturation occurred at least by 
day 60, and Fitch (1957) reported that the average age of maturity was 
between 49 and 77 days. 
Richmond and Conway (1969) and Gier and Cooksey (1967) reported 
that pairs of voles 60 days of age usually mate within 2-5 days after 
being placed together. In this study the f irst l i tter of the controls 
was produced 99 days from pairing. 
However, in addition to stating that voles reach sexual maturity 
at 60 days, Richmond and Conway (I969) also reported that 75 percent 
of their breeding pairs were established after the animals reached at 
least 80 days of age, and that these animals began reproducing within 
the f irst month after pairing. The results of my data indicate that 
80 days of age is a closer approximation of sexual maturity than 60 
days. I t is thought that the voles used in this study had not reached 
full maturity when they were placed together and thus perhaps partially 
explains the delay in reproduction for controls. Another factor could 
be that of seasonal reproductive variation (Personal communication, 
Will iam Stickel, Pesticide & Pollution Division, Patuxent Wildlife 
Research Center, Laurel Maryland, 1974). This communication indicated 
seasonal factors may have had a bearing on the breeding irregularit ies 
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and that voles do not l ive, breed and molt equally well throughout 
the year, as even white mice under closely controlled conditions are 
susceptable to seasonal changes in reproduction. 
I t must be pointed out however, that an average of 43 days occurred 
in the days to successive l i tters between controls and exposure levels 
of 1, 5 and 10 ppm mi rex. Hence, more than an additional month in time 
transpired before the birth of the 1st l i t ter of all treatment groups 
when compared to controls. 
Studies involving rats have indicated inhibit ion of ovulation by 
mi rex. In acutely treated rats, there is evidence that inhibit ion is 
centrally mediated. This may also be the site of action in chronically 
treated rats. In studies involving neonatal injections of mi rex in 3 
or 4 day old mice, indications of permanent effects on the CNS have 
been found (Personal communication. Dr. Gene B. Fuller, Associate 
Professor Biology, University of Southern Mississippi, Hattisburg, 
Mississippi, 1973). 
Good £t aj_. (1965) demonstrated that kepone (mi rex is the com­
pletely chlorinated analog of kepone) when fed at 5 ppm in the diet 
of lab mice reduced number of l i tters. This study suggested that 
kepone may be a hormonal imbalance in the female test animal, causing 
them to be in a continual state of sexual receptivity thus preventing 
ovulat ion. 
M. ochroqaster is an induced ovulator (Richmond and Conway, 1969). 
A hormonal imbalance caused by mi rex residues may have prevented suc­
cessful ovulation and conception up unti l the 4th l i tter. The gradual 
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elimination of mi rex was probably responsible for an increase in 
reproductive success by the 4th l i tter. 
Number of days between consecutive l i tters 
There are no indications that mi rex produced any effect on the 
interval between l i tters with the exception of 15 ppm animals (Table 
4). Only one pair of 15 ppm voles reproduced and this pair produced 
two consecutive l i tters with a time interval of I89 days. On the 
other hand, at lower levels of mi rex exposure, i t  thus seems apparent 
that i f  pregnancy occurs, there seems to be no effect on processes 
determining interval from conception to birth between reproductive 
periods at levels of 1, 5 and 10 ppm mi rex. 
In this study the interval between successive control l i t ters 
(28-36.9 days) are somewhat greater than those reported by other in­
vestigators. Corthum (I967) found that intervals in M. ochrogaster 
births, ranged from 21-27 days between successive l i tters. Females 
became pregnant a few days after giving birth to a previous Jitter. 
Gier and Cooksey (1967) pointed out that successive partuit ion occurred 
at 21-24 days, with some females producing at 20 day intervals. Fitch 
(1957) indicated that gestation intervals ranged from 21-27 days. 
Number of offspring per l i t ter 
Ware and Good (1967) reported reduced l i tter size in BALB/c and 
CFW strain mice when breeding pairs were exposed to 5 ppm mi rex in 
their diet for 90 days. The results of my study gave no indication 
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at any exposure level, 1, 5, 10 or 15 ppm, that mi rex influenced num­
ber of offspring per l i t ter (Table 5). 
Litter size of M. ochroqaster ranged from 3.4-4.5 pups in studies 
reported by previous investigators (Corthum, 1967; Gier and Cooksey, 
1967; Roest, I97O; Fitch, 1957; and Scudder £t £l^., 1967). A simi­
lar although slightly reduced l i tter size (2.6-3.7 pups) characterized 
the controls in this study. 
Mean number of l i tters produced per group 
The number of l i tters showed a progressive decrease as mi rex 
levels increased from 1 to 15 ppm (Table 6). In addition, controls 
reproduced through 5 reproductive periods, while 1, 10 and I5 ppm 
reproduced through 4, 3, 2 and 2 reproductive periods respectively. 
Hence, those treatment groups with longer reproductive periods, pro­
duced more l i tters. One effect resulting from mi rex exposure appears 
to be the decrease in the time of the reproductive period, resulting 
in fewer number of l i tters produced per group. Hence these two factors, 
length of reproductive period and percentage of animals reproducing in 
the treatment groups influenced the number of l i tters produced per 
group. 
Ware and Good (1967) reported that mice fed 5 ppm in their diet 
showed a reduction in the number of l i tters produced per group. The 
results of my investigation indicate that this reduction occurs also 
in 1, 10 and 15 ppm animals as well as those at 5 ppm. 
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Mean number of offspring per group 
The number of offspring per group was greatly reduced by 1, 5j 
10 and 15 ppm mi rex exposure for 90 days (Table 7). Controls had 
nearly 2.3 times as many offspring as the next exposure level of 1 ppm. 
Ware and Good (1967) reported that mi rex exposure of 5 ppm for 
90 days resulted in fewer offspring in BALB/c and CFW strain mice per 
day. Gaines and Kimbrough (1970) found that 5 ppm mi rex in the diet 
of rats for 102 days resulted in fewer offspring but did not differ 
significantly from the controls. However, at 25 ppm levels for 45 
days, the number of offspring was significantly reduced. These in­
vestigators indicated that i t  was not clear whether the offspring 
reduction was due to death of the fetus in utero or to low fecundity 
rate (young per producing pair). 
Because the results of my study indicated no influence of mi rex 
on the number of offspring per l i t ter, one could postulate that the 
reduction in offspring was not due to the death of the fetus in utero. 
The reduction in the number of offspring per group would be directly 
related to the low fecundity rate of M. ochrogaster adults due to the 
effects of mi rex. The fecundity rate decreases as mi rex levels in­
crease. In addition, fewer generations are produced by the increased 
exposure levels as compared to that of the controls. 
Percentage of pups surviving to days 4 and 21 
Mi rex did not affect the survival of pups to day 4 through 4th 
l i tters (Table 8). Though mi rex can pass through the placenta barrier 
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and can pass through the milk of the dam to the 4 day old nursing pup 
(Gaines and Kimbrough, 1970), i t  is apparent that the levels of mi rex 
existing in the dam do not interfere with the survival of the pup to 
h days of age. i t  should also be made clear that reproduction in this 
study did not occur unti l adults were off mi rex for some t ime. The 
length of time before the birth of the 1st l i t ter ranged from 50-56 
days for animals receiving mi rex level of 1, 5 and 10 ppm. Hence, 
mi rex levels may have decreased to the extent where the pups could sur­
vive for the duration of 4 days. 
Survivabil ity to day 4 is characterized as the viabil ity index. 
Poor viabil ity of the young may be due to inadequate prenatal nourish­
ment, prenatal absorption of a toxic substance, to maternal neglect, 
or to secretion of a toxin in the mother's milk. Apparently none of 
these factors were operating at all levels of exposure, or the level 
of operation was not extensive enough to produce an effect. 
The survival of M. ochrogaster pups for 21 days was decreased in 
animals exposed to 5, 10 and 15 ppm of the 1st and 2nd l i tters (Table 
9). This decrease in survival to day 21 was not found .in 3rd or 4th 
1i tter pups. 
The established day for weaning by Richmond and Conway (1969) 
was 21 days. Gier and Cooksey (1967) pointed out that pups may be 
weaned at 16 days, but are stronger, healthier pups i f  left with mother 
unti1 20 or 21 days. 
Gaines and Kimbrough (1970) reported that the survival rate to 
weaning of control rats transferred at birth from dams fed non-treated 
218 
diet to foster mothers fed non-treated diet averaged 11.4 pups. The 
survival rate of rats exposed to mi rex in utero and transferred at 
birth to non-treated dams was much lower, an average of 8.0 pups per 
group. However, when rats born to non-treated mothers were exposed 
postpartum only to mi rex treated mothers unti l weaning, an average 
of 5.3 per group survived. The mi rex level in the diet was 5 ppm for 
73 days at the time of the transfer, of the l i tter. 
In this same study, pups born to mothers who were put on 25 ppm 
mi rex at the time of mating and continued on the mi rex through gesta­
tion and lactation, had significantly fewer pups weaned (4.5/group) 
as compared to controls (10.7/group) at 45 days of exposure. Animals 
exposed for 102 days at 25 ppm resulted in 6.5/group being weaned as 
opposed to 11.3 for controls. These authors however, found that 
animals exposed to 5 ppm mi rex for 102 days and continued on the diet 
through mating gestation and lactation apparently were not influenced 
by mi rex exposure. I t is diff icult to explain why no effects of mi rex 
were found in this part of their study, since the pups were exposed to 
mi rex levels for a greater period of time. My results indicated that 
the percent survival of offspring to 21 days (weaning) was decreased 
at mi rex levels of 5, 10 and 15 ppm. Since Gaines and Kimbrough 
reported a decrease in the number of pups weaned and number of pups 
surviving in their antepartum and postpartum studies at 5 ppm exposure, 
the 90-day exposure study may be subject to question. 
Pups were not exposed to mi rex toxicity in this investigation 
through the diet of the parents, but only through interuterine transfer 
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and via the mother's milk. Scudder et al. (1967) found that young 
began to take in solid food by day 9. Young M. ochroqaster pups were 
noted in my investigation to consume solid food as soon as their eyes 
opened by day 12. However, the mi rex treatment was stopped at 90 days 
and the solid food consumed contained no mi rex. Thus, survival t ime 
at 21 days was directly related to amounts of mi rex taken in while the 
pups were in utero or by the incorporation of mi rex into the pups body 
via the dam's milk. 
Lactation index 
Mi rex caused a decrease in the lactation index of 5, 10 and 15 
ppm animals of the 1st and 2nd l i tters (Table 10). Again there was 
no effect in the 3rd and 4th l i tters probably because the adults resi­
due level of mi rex had dissipated to the extent that no effect was 
produced in these later generations. 
In addition to the quantitative and qualitative sufficiency of 
the mother's milk, maternal affect, size of l i tter, and any contaminated 
food consumed by the young before weaning might effect the lactation 
i  ndex. 
Maternal neglect was not detected and the diet (solid food) which 
the young received prior to weaning (21 days) contained no mi rex. 
There is no evidence as to the effect of mi rex on the quantity of the 
mother's milk, but the quality of the milk may be affected, because of 
the almost certain presence of mi rex. 
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Gaines and Kimbrough (1970) found 11.3 ppm in the stomach con­
tents of rat pups who had nursed on mothers treated for 78 days with 
5 ppm mi rex. Dorough and {vie (1974), after feeding lactating cows 
capsules containing 0.2 ppm mi rex, found ,058 ppm of mi rex in whole 
milk after 1 wk.; about 10 percent of the administered dose was elimi­
nated daily via mi Ik. Dorough and Ivie (1974) also reported that re­
moval of lactating cows from mi rex diet for 28 days sti l l  resulted in 
detectable amounts of the pesticide in the tissue. 
The Mi rex Advisory Committee (1972) reported that milk from cows 
fed 3 wks. on a diet containing 1 ppm mi rex, resulted in an average 
of 0.01 ppm mi rex in the fat of raw milk, and 2-8 ppb in the remainder 
of the milk. 
Thus, mi rex does appear in the milk of nursing dams and this con­
taminated substance may be passed on to the offspring. If indeed this 
mechanism is operating and affecting the quality or quantity of milk, 
then i t  could be the cause for suppression of the lactation index. 
Percent mortality of pups 
Mi rex levels of 5, 10 and 15 ppm resulted in a progressive de­
crease in the mortality of pups with 100 percent occurring at the 
highest level of 15 ppm (Table 11). Gaines and Kimbrough (1970) re­
ported that the survival rate of control rats transferred at birth from 
dams fed non-treated diet to foster mothers fed non-treated diet was 
95.8 percent. The survival rate of rats exposed only in utero and then 
transferred to non-treated dams was 72.7 percent. When rats born to 
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non-treated mothers were exposed postpartum only to mi rex-treated 
mothers unti l weaning, their survival rate was lower than controls 
(53.9 percent). At 25 ppm mi rex exposure for 45 days, the survival 
rate was 53 percent compared to 89 percent for controls; at 20 ppm 
exposure for 102 days, 6l percent survived compared to Sk percent 
for controls. 
Gaines and Kimbrough (1970) postulated the low survival rate in 
their study was caused chiefly by mi rex in the mother's milk. Hyde 
et al. (1973) found a deleterious association between residue con­
centrations in eggs and subsequent survival of mallard ducklings fed 
at 100 ppm mi rex. Naber and Ware (1965) also reported reduced hatch­
ing and survival rates in domestic fowls at levels of 3OO-6OO ppm. 
Thus, in mammals, as well as birds, mi rex seems to affect the 
survival of offspring, though the levels must be much higher in birds. 
The cumulative effect of pups exposed to mi rex in the uterus, via the 
placenta, and through the mother's milk are factors in the low survival 
rate of pups on mi rex levels of 1 ppm or higher. 
From their investigation i t seems apparent that mi rex suppresses 
the survival rate of M. ochrogaster pups at lower levels (1 ppm) as 
well as at higher levels of 5 ppm reported by Gaines and Kimbrough 
(1970) in their antepartum and postpartum studies. 
In this study some of the pups which died after 15 ppm exposure 
had cloudy eye lenses. Though there was no histological examination 
of t issue, one may speculate that these may have been similar to the 
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cataracts reported for rat pups of mothers treated with mi rex for 102 
days or pups whose foster mothers were treated at 5 ppm for 73 days 
prior to receiving pups which they nursed unti l weaning (Gaines and 
Kimbrough, 1970). The authors hypothesized that the development of 
cataracts in the offspring of treated dams was caused chiefly by mi rex 
in the mother's milk. 
Study 2: Single Generation, Continuous Exposure Study 
By continuously exposing M. ochrogaster adults to concentrations 
of 0.1, 0.5, 0.7, 1 and 5 ppm for a period of 5 mos., i t  was hoped 
that further information could be obtained on the same reproductive 
parameters evaluated in the 90-day exposure study. Because the animals 
would be on the mi rex diet from the inception of the experiment unti l 
i ts termination at 5 mos., there would be very l i t t le elimination of 
mi rex. In addition, the continued exposure of the voles to sublethal 
levels would provide information on the cumulative influence of mi rex. 
Stickel £t aj_. (1973) pointed out that a verdict on ml rex cannot be 
determined unti l low, realistic levels have been tested in various 
groups of vertebrates. Possible harmful effects could occur i f  mi rex 
is continued to be used in the environment at the present rate of 3 
different applications within a given period of time. Animals would be 
exposed continuously at low levels and accumulation could occur since 
ml rex is so persistent and resists degradation. 
Ml rex levels of 5 ppm are close enough to field-reported levels 
to have practical significance. This level of 5 ppm is several t imes 
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higher than the usual f ield residues obtainable through food chain 
however, to emulate the environmental food chain level (Personal 
communication, Lucil le Stickel, Director of Pesticide and Pollution 
Research, Patuxant Wildlife Laboratory, Laurel, Maryland, 1973). 
Thus, the use of 0.1, 0.5, 0,7 and 1 ppm exposure levels would be of 
greater importance in approaching levels of mi rex found in the food 
chain as well as having the additional importance in the application to 
f ield studies. Some mi rex levels reported in wildlife are 4.40 ppm and 
17 ppm in kingfisher (Borthwick et £l_., 1973), 4.67 in shrews (Markin, 
1972b), and levels ranging from 0.01-0.54 in rice rats, cotton rats, 
harvest mice and white-footed mice (Wolfe and Norment, 1973). 
Mi rex then,if i ts reproductive effects are detrimental, would 
pose a great threat to the preservation of some wildlife species. 
Adult mortality 
In general, increase in mi rex levels resulted in increase in per­
centage of mortality of M. ochrogaster adults (Table 12). However, 
only the percent mortality for animals receiving 5 ppm levels was 
significantly different from controls. Voles exposed to mi rex in the 
diet at 5 ppm died within 34-50 days. 
The animals surviving in the 5 ppm group appeared to take in 
food well and were outwardly healthly, though they seemed to be less 
active (when observed, animals usually huddled in corner of cage). 
Some animals may l ive for an extensive period on the same dosages 
which would tend to ki l l  others at the same treatment level. Because 
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mi rex accumulates and is stored in fat (Pritchard let jaL., 1973), 
fatter animals may be resistant to deleterious effects of mi rex 
(Personal communication, Will iam Stickel, Patuxent Wildlife Research 
Center, Pesticide and Pollution Division, Laurel, Maryland, 1975). 
Though these levels of 0.1, 0.5, 0.7 and 1 ppm did not affect survival 
following exposure for a 5 mo. period, for studies involving a longer 
period of time may result in different conclusions. 
As in the studies of jvie e_t^. (1974b); Lowe et al. (1971); 
Gaines and Kimbrough (1970); Kendall (1974); and Ludke e;t £l_. (1971) 
animals treated with 5 ppm mi rex were characterized by loss of equil i­
brium, uncoordinated movements, tremors, diarrhea, and bleeding from 
the genital area shortly before death. 
As in Study 1, these tremors, loss of equil ibrium and coordination 
as well as the diarrhea seem to be characteristic occurrences in animals 
suffering from mi rex toxicity. The lack of coordination, equil ibrium 
and tremors indicated nervous system involvement. The bleeding and 
diarrhea implies internal hemorrhaging and some disturbance in the 
physiology of the digestive system. 
Percentage of mated pairs producing l i tters each generation 
The percentage of mated pairs producing l i tters each generation 
was reduced at 0.7 and 1 ppm levels of mi rex exposure (Table 13). 
Animals exposed to 5 ppm mi rex did not reproduce. I t appears that 
continuous exposure to mi rex even at low exposure levels affects the 
ferti l i ty of M. ochroqaster adults. Continuous exposure to 5 ppm 
mi rex depresses the total reproductive process. 
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In the 1st study which involved cessation of mi rex after 90 days, 
5 ppm animals did reproduce. These results agree with those of Ware 
and Good (196?) wherein reproduction, at reduced levels did occur in 
mice fed 5 ppm for 90 days. Hence,it appears that continuous exposure 
impedes necessary physiological mechanisms which are necessary to the 
reproductive process, as is evidenced by reproduction not occurring 
in 5 ppm animals exposed to mi rex for 5 mos. 
Also, as pointed out  in the 1st study, the mechanism(s) which 
might be operating could involve central mediated inhibit ion of 
ovulation. Also, hormonal imbalance may be involved thus leading 
to a continuous state of receptivity (Personal communication. Gene 
B. Fuller, Associate Professor of Biology, University of Southern 
Mississippi, Hattisburg, Mississippi, 1973; Good et £]_. 1965). 
As in Study 1, mi rex levels of 0.7 and 1 ppm resulted in a de­
creased in the percentage of pairs producing l i tters each succeeding 
generation through 3 l i tters after which no offspring were reproduced. 
This gradual reduction in number of pairs producing l i tters for suc­
cessive generations could be the result of reduced ferti l i ty caused 
by aging and or seasonal variation. 
Number of days from pairing of male and female to birth of successive 
I i  tters 
The days to the birth of successive l i tters were less in 0.1, 0.7 
and 1 ppm than control animals in the 3rd l i t ter (Table 14). There 
are no known investigations which indicate that mi rex shortens the time 
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to successive l i tters. All animals reproducing in the 2nd generation 
did not reproduce in the 3rd, and those reproducing in the 3rd re­
produced earlier in the 2nd resulting in shorter time of birth between 
successive l i tters. This decrease in days did not show up in the 3rd 
l i tter 0.5 ppm nor the 4th l i tter 0.1 ppm, hence strengthening the 
reasoning behind these speculations. 
There were no differences in days to birth of the 1st l i t ter. 
Thus,there was no increase to the time of the 1st reproductive period 
as found in Study 1. Ware and Good (I967) did f ind increased days to 
the birth of the 1st l i t ter at 5 ppm when mice were exposed for 90 
days. However, at 5 ppm exposure for 5 mos. no reproduction occurred. 
I t can be postulated that this lack of reproductivity was due to the 
continuous exposure of the animals to mi rex, and that the lower levels 
of 0.1, 0.5, 0.7 and 1 ppm did not influence days to birth of the 1st 
1i tter. 
Number of days between consecutive l i tters 
There were no differences in the days between l i tters at mi rex 
exposure levels of 0.1, 0.5, 0.7 and 1 ppm (Table 15). The controls 
ranged from 22-32 days between l i tters. These numbers did not vary 
extensively from the 21-27 days reported by Corthum (1967); Gier and 
Cooksey (1967); and Fitch (1957). Continuous exposure then at these 
low levels would not be detrimental to M. ochrogaster with regard to 
the reproductive parameter of days between l i tters. 
227 
Number of offspring per l i t ter 
Mi rex did not affect the number of animals produced per l i t ter 
through l i tters 1, 2, 3 and 4 (Table 16). I t appears that mi rex does 
not interfere with the developing fetus and does not appear to cause 
mortality in utero at these low levels of exposure. Though mi rex can 
cross the placenta barrier (Gaines and Kimbrough, 1970), deaths due 
to intrauterine effects are apparently negative at levels of 0.1, 0.5, 
0.7 and 1 ppm. 
Mean number of l i ttere produced per group 
A decrease in the number of l i tters produced was found at mi rex 
exposure levels of 0.5, 0.7 and 1 ppm (Table 17). Controls and 0.1 
ppm animals reproduced through the 4th generation while 0.5, 0.7 and 
1 ppm animals reproduced only through the 3rd l i tter. Hence, the 
number of l i tters per group was related to the number of generations 
produced per treatment group. I t appears that mi rex has some effect 
on reproductive capacity of the animal, by shortening the period of 
reproduct ivi ty. 
Again as in Study I , there was a progressive decrease in the num­
ber of mated pairs reproducing per generation. Two factors then would 
directly affect the number of l i tters produced, 1) the period of repro­
duct ivi ty of the treatment groups and 2) the progressive decrease in 
mated pairs reproducing in successive l i tters. 
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Number of offspring per group 
Mi rex at 0.7 and 1 ppm in the diet of voles resulted in a decrease 
in the number of offspring (Table 8), Ware and Good (1967) and Gaines 
and Kimbrough (1970) found that animals exposed to 5 ppm of mi rex for 
90 days produced fewer offspring than controls. However, i t  appears 
that even at mi rex levels as low as 0.7 and 1 ppm the number of offspring 
were reduced i f  continuous exposure is extended beyond 90 days (5 mos. 
in this study). 
Percentage of pups surviving to days 4 and 21 
The percentage of offspring surviving unti l day 4 was reduced in 
the 2nd l i tter at mi rex exposure levels of 1 ppm and in the 3rd l i tter 
by mi rex exposure levels of 0.7 and 1 ppm (Table 19). At the time of 
the birth of the 2nd l i t ter, i t can be hypothesized that mi rex reached 
levels within the maternal adult which caused a reduction in the survi­
val of the young pups via transportation of mi rex through the placenta 
and the mother's milk (Gaines and Kimbrough, 1970). At the time of 
the birth of the 2nd l i t ter the accumulative effects caused a further 
decrease in the number of pups surviving to day 4 in 0.7 ppm as well 
as the 1 ppm animals. Mi rex is able to pass through the placenta 
barrier and through the mother's milk to the nursing pups. Tissue 
residues of mi rex have also been found in 4 day old rat pups (Gaines 
and Kimbrough, 1970). These additional factors in conjunction with 
the accumulative effects related to time help to decrease the number 
of pups surviving unti l day 4. 
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The cumulative effects at these low dosages suggest that mi rex 
exists within the environment over long periods of time, i t  would have 
the same deleterious effects on wildlife non-target organisms. 
There was an apparent influence on the percent survival of off­
spring for 21 days in 3rd l i tter pups at mi rex levels of 0.1, 0.5, 
0.7 and I  ppm (Table 20). All 3rd generation pups of 1 ppm animals 
died before 21 days of age. Again, apparently mi rex levels had not 
accumulated sufficiently by generations 1 and 2 to interfere with the 
reproductive process. In the 3rd reproductive period accumulation of 
mi rex had occurred to the extent that survival of offspring unti l 
weaning was apparently affected. 
The eyes of vole pups opened fully around day 12, the approximate 
time at which they began to take in solid food containing the mi rex 
diet being consumed by the dams. Thus, voles were not only exposed 
to mi rex in the same concentrations which the mothers had been exposed 
via solid food, they also retained levels in their bodies as a result 
of intrauterine transfer and nursing of the mother. These three condi­
t ions acting together may have had synergistic effects. 
Lactation index 
The lactation index was reduced only in 1 ppm M. ochrogaster pups 
of the 3rd generation at 1 ppm exposure (Table 21). Mi rex levels of 
0.1, 0.3 and 0.7 ppm did not suppress the lactation index in either 
the 1st or 2nd generation. I t appears that an accumulative effect 
occurred at mi rex level of 1 ppm and that the suppression of the 
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lactation index was a result of continuous exposure to the insecti­
cide. Therefore the quality or quantity of the mother's milk appeared 
to be adequate at these levels for the survival of the voles. I t 
appears apparent, however, that by the 3rd l i tter mi rex residues have 
been incorporated to the extent that an effect is produced in the 
reproductive period of the 3rd l i tter at the highest exposure level 
of 1 ppm. 
Percent mortality of pups 
Mi rex levels of 0.1, 0.5, 0.7 and I  ppm resulted in an increase in 
the mortality rate of pups (Table 22). Even at these extremely low 
dosage levels, animals exposed at a continuous rate over prolonged 
periods are subjected to detrimental effects because of the accumula­
t ion of the insecticide. M. ochrogaster pups appear particularly 
sensitive to mi rex even at sublethal dosages. This fact is probably 
not an exception and there are probably many wildlife species which 
also share this sensitivity. 
There was no significant occurrence of adult mortality unti l 5 ppm 
exposure level of mi rex. However, at low levels of 0.1, 0.5 and 0.7 
ppm as well as 1 ppm there was an increase in pup mortality. Evidence 
indicated that the sensitivity of the pups is crit ical at these low 
levels, i f , as we have pointed out in the Introduction, the number of 
offspring of wildlife species is reduced by insecticides then there 
are grave implications related to species survival in treated areas. 
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Since the number of offspring produced are products of long range 
processes of evolution and adaptabil ity to the particular environment, 
species survival is in constant jeopardy. 
Study 3: Multigeneration, Continuous Exposure 
Study, Reproduction, 1st and 2nd Generation 
Mi rex is slow to act, i t  is not very toxic to some forms of l i fe, 
but is may be the most persistent pesticide known. Everyone wonders 
i f  i t may have cumulative genetic effects. This is the most important 
single question to be asked about mi rex (Personal communication, 
Lucil le Stickel, Director Pesticide and Pollution Research, Patuxant 
Wildlife Research Center, Laurel, Maryland, 1974). The Science Ad­
visory Committee to the President of the United States (Brimblecombe 
1968b) emphasized the need for multigeneration tests in establishing 
the safety of pesticides and recommended that toxicity studies on 
pesticides should include effects on reproduction through at least two 
generations. 
I  vie £t £j_. (1974a) reported that consumption of mi rex by female 
quail resulted in residues appearing in the Fj generation and that with­
out additional mi rex treatment the birds passed significant mi rex 
residues into the egg yolk. Gaines and Kimbrough (1970) also demon­
strated that mi rex residues occurred in pups born of dams fed 5 ppm 
mi rex for 73 days. Hence, potential interactions of mi rex in the 
reproductive process, and possible multigeneration effects are impli­
cated by both these investigations. 
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Percentage of mated pairs producing l i tters each generation 
In this study mi rex at sublethal levels of 0.1 and 0.5 ppm did 
not affect the percentage of mated pairs producing l i tters in either 
the 1st or 2nd generations (Table 23). There appears then to be no 
s igni f icant  cumulat ive ef fects at  these levels.  At  the same t ime 
there was a reduction in the number of pairs reproducing. Perhaps, as 
Ware and Good (I967) pointed out, some reproductive effects are quite 
subtle and diff icult to prove by statistical methods. 
Number of days from pairing of male and female to birth of successive 
1 i  tters 
There were also no apparent affect on the days to birth of l i tters 
in either the 1st or 2nd generations of M. ochrogaster treated with 
0.1 and 0.5 ppm mi rex (Table 24). In both generations, as in Study 2, 
there was approximately 2 mos. before the birth of the 1st l i t ter. 
This delay again can be attributed to the possibil i ty of the voles 
having not reached full maturity before being placed together. Since 
the days to the 1st l i t ter for controls was consistent for Studies 1, 
2 and 3, and since the variation in Studies 2 and 3 was very small 
indeed, the possibil i ty of animals being mature at 80 days (Richmond 
and Conway, I969), is reinforced. 
Number of offspring per group 
There was no effect on the number of offspring produced per group 
in both the 1st and 2nd generation studies (Table 25). There was no 
apparent effect on the reproductive process involving the survival 
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of animals in utero at these sublethal levels. Hence, there was 
evidence of accumulative effects through the 2nd generation which would 
prove detrimental to the survival of the pups in utero. 
Percentage of pups surviving to days 4 and 21 
The percentage of offspring surviving to days 4 and 21 was not 
influenced by mi rex in the 1st generation (Tables 26-27). However, 
in the 2nd generation, there was a decrease in the survival of pups to 
days 4 and 21 at 0.5 ppm exposure. Thus, i t  seems that mi rex may be 
more detrimental to the survival of M. ochrogaster pups. In this 
multigeneration study, reproductive parameters involving the adults 
were not affected while those involving pups were affected. Though 
these levels were extremely low, there may have been accumulative 
effects as evidence by their appearance in the 2nd and not 1st gen­
erations. This extreme sensitivity in pups is very important, for with­
out the offspring the survival of the species itself is threatened. 
Lactation index 
The lactation index was decreased in the 1st generation of M. 
ochrogaster 0.5 ppm pups (Table 28), and is also lower though not 
significantly different, than the controls in the 0.5 ppm 2nd genera­
tion pups. I t is possible that the levels of mi rex taken in to the 
pups body via placental transfer, nursing, and consumption of solid 
food containing mi rex after the eyes open, could be additive factors 
resulting in a depressed lactation index. There is the possibil i ty 
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that a study involving several more generations would provide a better 
indication of the effects of mi rex on the lactation index. 
Percent mortality of pups 
The mortality rate of M. ochrogaster pups increased at both 0.1 
and 0.5 ppm mi rex (Table 29). Thus, at these low levels there appears 
to be an accumulative effect produced on the young. These results 
further indicate the importance of the fact that the offspring are 
more susceptible to the effects of mi rex at these low dosages, and, 
in this particular case, through the 1st and 2nd generations. 
The implications here for wildlife applications are extensive. 
Mi rex is effective only i f  applied repeatedly, and thus i f  this is the 
case, then there is the inevitable exposure of non-target species over 
long periods of time. Even though, as this multigeneration study seem 
to indicate, there is no harm to adult voles, there appears to be 
detrimental effects to the offspring, whose survival is necessary for 
the continuation of the species. 
Study 3: Multigeneration. Continuous Exposure 
Study, Behavioral, 1st and 2nd Generation 
Tests of behavior are not regularly or even occasionally a part 
of the experimental approach by toxicologists in this country. How­
ever since nervous tissue appears to be particularly sensitive to the 
effects of many different chemical substances (Goldberg £t £l_., 1964) 
behavioral tests which neglect the functional state of the nervous 
system are of special interest. Developing tissue of the central 
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nervous system has a greater affinity for chemicals than adult t issue 
hence screening by developmental tests for deviation from normal be­
havioral patterns in offspring from treated mothers may be one of the 
most sensitive indicators of toxic effects (Spyker et al.,1972). 
An approach to toxicity evaluation structured solely in terms 
of the assessment of physical effects wil l always be incomplete 
(Ruffin, 1963). Thg completion of toxicological invesitgations de­
mands consideration for the potential of the chemical to cause central 
nervous system effects which may only be manifested by change in be­
havior- There are many facets of animal behavior which can be quanti­
tatively studied. Quantative studies of behavioral changes may pos­
sibly answer the question as to whether nervous system functions may 
be impaired to the least measurable degree by absorption of the 
smallest quantity of the particular chemical under investigation 
(Ruffin, 1963). 
The f indings by many investigators ( I vie e;t £l_., 1974b; Lowe et al., 
1971 ;  Schoor, 1971; Gaines and Kimbrough, 1970; Stickel et. f l» ) 1973) on 
the loss of balance, uncoordinated movement, tremors and loss of equi­
l ibrium in animals treated with mi rex are indicative of central nervous 
system involvement and behavioral effects. 
I f mi rex affects wildlife, thereby causing changes in normal 
sterotyped behavioral responses, the survival of these affected species 
would be threatened. Lowe £t a]^. (1971) pointed out that shrimp and 
blue crabs exposed to mi rex were irritable, displayed uncoordinated 
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movements, loss of equil ibrium and later paralysis. They hypothesized 
that animals in advanced stages of paralysis could be eaten by larger 
carnivores or swept out of the estuary by t idal action. Thus, the 
affected animal could be removed from the system without visible 
evidence of their condition. Behavioral changes may then make some 
food organisms unusually vulnerable to prédation or to the action of 
water currents. 
The selection of investigations of behavioral development as a 
means of assessing the effects of mi rex, was based on the possible 
maximum sensitivity of developing nervous t issue to the insecticide, 
in the offspring of adult M. ochroqaster. 
I t was hoped that through the behavioral tests, the time of 
emmergence of certain behaviors could be obtained. Thus, those ani­
mals which might have suffered from the effects of mi rex could be 
identif ied because of their inabil ity to perform these tasks or the 
occurrance of delayed maturation of responses. 
The tests uti l ized in this study provided much data on the develop­
mental behavior of the prairie vole, M. ochrogaster. A good picture 
was obtained of the normal post-natal development as well as develop­
ment influenced by sublethal mi rex exposure through 2 generations. 
The developmental stages of behavior of M. ochroqaster pups are 
similar to those reported for laboratory rats (Bol les and Woods, 1964) 
and laboratory mice (Will iams and Scott, 1953; Fox, 1965). The only 
known study of behavioral development in JM. och rogaster is that of 
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S c u d d e r  ^  a j [ .  ( 1 9 6 7 ) .  M a t e r n a l  r e t r i e v a l ,  d e f e n s e - o f - y o u n g ,  r i g h t i n g  
r e f l e x ,  m o t o r  c o o r d i n a t i o n  a n d  a b i l i t y  t o  s u p p o r t  b o d y  w e r e  p a r a m e t e r s  
i n v e s t i g a t e d .  T h e s e  p a r a m e t e r s  a r e  a l l  i n c l u d e d  i n  m y  i n v e s t i g a t i o n .  
I n  a d d i t i o n ,  h o w e v e r ,  a r e  a l s o  i n c l u d e d  t h e  b e h a v i o r a l  d e v e l o p m e n t a l  
t e s t s  d e s c r i b e d  b y  F o x  ( 1 9 & 5 ) .  
D u r i n g  t h e  i m m e d i a t e  p e r i o d  a f t e r  b i r t h ,  t h e r e  i s  r e l a t i v e l y  
l i t t l e  a c t i v i t y .  T h e  p u p s  s p e n d  m o s t  o f  t h e  t i m e  a t t a c h e d  t o  t h e  
t e a t s  o f  t h e  m o t h e r .  S o m e  m o v e m e n t  a m o n g  t h e  o f f s p r i n g  w a s  o b s e r v e d  
i n  t h e  f i r s t  4  d a y s  a f t e r  b i r t h ,  b u t  t h e  m a j o r i t y  o f  t h e  t i m e  w a s  
s p e n t  i n  n u r s i n g  a n d  s l e e p i n g .  A b o u t  6  d a y s  o f  a g e ,  m o r e  m o v e m e n t  
w a s  o b s e r v e d ,  t h o u g h  t h e  p u p s  d i d  n o t  v e n t u r e  o u t  o f  t h e  n e s t .  
T h e  e y e s  b e g a n  t o  o p e n  o n  d a y  9 »  T h e y  w e r e  f u l l y  o p e n  b y  d a y  1 2 .  
A s  s o o n  a s  t h e  e y e s  b e g a n  t o  o p e n ,  t h e  p u p s  m o v e d  a b o u t  a n d  w e r e  o b ­
s e r v e d  w a l k i n g  a n d  s u p p o r t i n g  t h e m s e l v e s  a w a y  f r o m  t h e  n e s t .  A l o n g  
w i t h  t h e  o p e n i n g  o f  t h e  e y e s ,  t h e  a n i m a l s  b e g a n  t o  e a t  s o l i d  f o o d .  
T h e s e  a n i m a l s ,  h o w e v e r ,  s t i l l  r e m a i n e d  a t t a c h e d  t o  t h e  t e a t s  o f  t h e  
m o t h e r  a  g r e a t  d e a l  o f  t h e  t i m e  e v e n  a f t e r  t h e y  b e g a n  t o  c o n s u m e  s o l i d  
f o o d .  
S c u d d e r  e t  £ ] _ .  ( 1 9 6 7 )  i n v e s t i g a t e d  t h e  b e h a v i o r a l  d e v e l o p m e n t  o f  
p u p s  a n d  m a t e r n a l  b e h a v i o r  o f  d a m s  o f  M .  o c h r o g a s t e r  a n d  s e v e r a l  
s t r a i n s  o f  m i c e .  T h i s  i n v e s t i g a t o r  f o u n d  t h a t  m a t e r n a l  i n t e r e s t  
( d e f e n s e - o f - y o u n g )  w a s  c o n t i n u o u s l y  h i g h  d u r i n g  t h e  t i m e  o f  r a p i d  
g r o w t h  o f  t h e  y o u n g  ( 1  t o  1 1  d a y s ) .  I n  m y  i n v e s t i g a t i o n s ,  t h i s  s a m e  
i n t e r e s t  w a s  n o t e d  a n d  t h e  d e f e n s e  o f  t h e  y o u n g  c e a s e d  b e t w e e n  1 0 - 1 2  
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d a y s .  A s  S c u d d e r ,  I  a l s o  o b s e r v e d  t h a t  M i c r o t u s  m o t h e r s  s e e m e d  a l m o s t  
f e a r l e s s  i n  t h e i r  h o m e  c a g e s  a n d  r e a d i l y  a p p r o a c h e d  a  n o v e l  o b j e c t  s u c h  
a s  a  p r o b e  s t u c k  i n t o  t h e  c a g e .  M y  f i n d i n g s  v e r i f i e d  t h o s e  o f  S c u d d e r  
t h a t  d e f e n s e  b y  t h e  d a m s  o c c u r r e d  u n t i l  t h e  p u p s  b e g a n  t o  f o r a g e  f o r  
t h e m s e l v e s ,  a n d  t h a t  t h i s  d e f e n s e  d i m i n i s h e d  t h e r e a f t e r  e n d i n g  o n  t h e  
1 2 t h  d a y .  
i n  t h i s  I n v e s t i g a t i o n ,  m o t o r  c o o r d i n a t i o n  w a s  o b t a i n e d  b y  d a y s  
1 0 - 1 3  a s  I n d i c a t e d  b y  t h e  a p p e a r a n c e  o f  s t r a i g h t - l i n e  w a l k i n g  a n d  
n o r m a l  p o s t u r e .  S c u d d e r  r e p o r t e d  t h a t  m o t o r  c o o r d i n a t i o n  w a s  o b t a i n e d  
b y  d a y  1 1 ,  p o i n t i n g  o u t  t h a t  r a p i d  d e v e l o p m e n t  i s  t y p i c a l  f o r  f i e l d  
a n i m a l s .  B y  w e a n i n g ,  t h e  p u p s  a r e  e q u i p p e d  f o r  a n  i n d e p e n d e n t  l i f e .  
B e c a u s e  o f  t h i s  r a p i d  m a t u r a t i o n , m a t e r n a l  i n t e r e s t  i s  u n n e c e s s a r y  a f t e r  
1 0  t o  1 2  d a y s  o f  d e v e l o p m e n t .  
S c u d d e r  e ^  ( 1 9 6 7 )  a l s o  f o u n d  t h a t  p r i o r  t o  w e a n i n g  t h e  m o t h e r  
r e t r i e v e d  y o u n g  w h e n  t h e y  w e r e  r e t u r n e d  t o  h e r .  T h e  r e t r i e v a l  w a s  
i m m e d i a t e  a n d  f e a r l e s s .  R e t r i e v a l  p a t t e r n s  o c c u r r e d  u n t i l  M i c r o t u s  
p u p s  w e r e  1 1  d a y s  o l d .  T h e r e a f t e r  r e t r i e v a l  b e c a m e  i n c o n s i s t e n t  
s h o w i n g  a n  I n c r e a s i n g  l e n g t h  a n d  v a r i a b i l i t y  I n  l a t e n c y .  
T h e  r e s u l t s  o f  m y  I n v e s t i g a t i o n s  w e r e  e s s e n t i a l l y  s i m i l a r  t o  t h o s e  
o f  S c u d d e r  e j t  ( 1 9 6 7 ) .  R e t r i e v a l  b y  t h e  d a m s  e n d e d  b e t w e e n  1 0 - 1 2  
d a y s .  P r i o r  t o  t h i s  t i m e  r e t r i e v a l  w a s  i m m e d i a t e  a s  w e l l  a s  f e a r l e s s .  
I n  t h e  1 s t  g e n e r a t i o n  b e h a v i o r a l  s t u d y ,  m i  r e x  e x p o s u r e  l e v e l s  o f  
0 . 1  a n d  0 . 5  p p m  p r o d u c e d  n o  e f f e c t s  o n  t h e  f o l l o w i n g  r e s p o n s e s  o f  M .  
o c h r o g a s t e r  p u p s :  1 )  r i g h t i n g  r e f l e x ,  2 )  f o r e l i m b  p l a c i n g ,  3 )  p o s t u r a l  
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f l e x i o n  a n d  e x t e n s i o n ,  4 )  n o r m a l  p o s t u r e ,  5 )  f o r e -  a n d  h i n d i i m b - g r a s p -
r e f l e x ,  6 )  s w i m m i n g ,  7 )  s t r a i g h t - l i n e  w a l k i n g ,  8 )  r o o t i n g ,  9 )  v i b r i s s a e  
p l a c i n g ,  1 0 )  c l i f f - d r o p  a v e r s i o n ,  1 1 )  l a t e n c y - t o - r e t r i e v e ,  a n d  1 2 )  
d e f e n s e - o f - y o u n g  ( T a b l e  3 1 ) .  I t  t h u s  s e e m s  t h a t  s u b l e t h a l  e x p o s u r e  
t o  t h e s e  l e v e l s  o f  m i  r e x  t h r o u g h  t h e  1 s t  g e n e r a t i o n  d i d  n o t  i m p e d e  t h e  
d e v e l o p m e n t  o f  t h e  n e r v o u s  s y s t e m  a s  t o  c a u s e  d e l a y e d  m a t u r a t i o n  o f  
o r  a n y  o t h e r  e f f e c t s  o n  t h e  t e s t e d  r e s p o n s e s .  
M i  r e x  e x p o s u r e  l e v e l s  o f  0 . 1  a n d  0 . 5  p p m  d i d ,  h o w e v e r ,  r e s u l t  i n  
i n c r e a s e d  d a y s  t o  s t r o n g  r e s p o n s e  i n  h i n d l i m b  p l a c i n g ,  n e g a t i v e  g e o -
t a x i s  a n d  b a r - h o l d i n g  a b i l i t y .  A l s o  a t  0 . 5  p p m  l e v e l s ,  a n  i n c r e a s e  i n  
t h e  d a y s  t o  s t r o n g  r e s p o n s e  o c c u r r e d  i n  v i b r i s s a e  p l a c i n g ,  e y e  o p e n i n g  
a n d  a u d i t o r y  s t a r t l e .  
I t  t h u s  a p p e a r s ,  t h a t  m i  r e x  a t  t h e s e  s u b l e t h a l  l e v e l s  o f  0 . 1  a n d  
0 . 5  p p m  e f f e c t s  t h e  b e h a v i o r a l  d e v e l o p m e n t a l  o f  M .  o c h r o g a s t e r  p u p s  i n  
s o m e  t e s t s .  
M i  r e x  e x p o s u r e  l e v e l s  o f  0 . 1  a n d  0 . 5  p p m  i n  2 n d  g e n e r a t i o n  p u p s  
d i d  n o t  a f f e c t  t h e  f o l l o w i n g  r e s p o n s e s ;  1 )  r i g h t i n g  r e f l e x ,  2 )  f o r e -
a n d  h i n d l i m b  p l a c i n g ,  3 )  p o s t u r a l  f l e x i o n  a n d  e x t e n s i o n ,  4 )  n o r m a l  
p o s t u r e ,  5 )  f o r e -  a n d  h i n d l i m b - g r a s p - r e f l e x ,  6 )  s w i m m i n g ,  7 )  s t r a i g h t -
l i n e  w a l k i n g ,  8 )  r o o t i n g ,  9 )  v i b r i s s a e  p l a c i n g ,  1 0 )  v i s u a l  p l a c i n g ,  
I I )  n e g a t i v e  g e o t a x i s ,  1 2 )  b a r - h o l d i n g  a b i l i t y ,  1 3 )  e y e  o p e n i n g ,  1 4 )  
a u d i t o r y  s t a r t l e ,  1 5 )  l a t e n c y - t o - r e t r i e v e ,  a n d  1 6 )  d e f e n s e - o f - y o u n g  
( T a b l e  3 3 ) .  O n l y  o n e  b e h a v i o r a l  r e s p o n s e  ( c l i f f - d r o p  a v e r s i o n )  w a s  
s i g n i f i c a n t l y  a f f e c t e d  ( T a b l e  3 4 ) .  S i g n i f i c a n t l y  f e w e r  0 . 1  p p m  p u p s  
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m a d e  c o r r e c t  r e s p o n s e  o n  d a y s  I 4  a n d  1 8 ;  s i g n i f i c a n t l y  f e w e r  0 . 5  p p m  
p u p s  m a d e  c o r r e c t  r e s p o n s e s  o n  a l l  d a y s  i n  w h i c h  t h e  t e s t  w a s  r u n .  
W a l k  a n d  G i b s o n  ( 1 9 6 1 )  h a v e  s h o w n  t h a t  m a n y  v e r t e b r a t e s ,  w h e n  
p l a c e d  u p o n  a  l e d g e ,  p r e f e r  t o  d e s c e n d  t o  a  s h a l l o w  o r  n e a r b y  s u r f a c e  
r a t h e r  t h a n  t o  o n e  w h i c h  i s  d e e p  o r  f a r t h e r  a w a y .  T h e r e  w a s  a  c o n s i s t ­
e n t  p r e f e r e n c e  f o r  o n e  s u r f a c e  o v e r  a n o t h e r ,  h e n c e  u n e q u i v o c a l  e v i d e n c e  
e x i s t s  f o r  t h e  a n i m a l ' s  a b i l i t y  t o  d i s c r i m i n a t e  b e t w e e n  t h e  t w o  s u r f a c e s .  
T h e  i n a b i l i t y  t o  m a k e  t h e  c o r r e c t  r e s p o n s e  i n  t h e  c l i f f - d r o p  a v e r s i o n  
t e s t  m a y  i n d i c a t e  i m p a i r m e n t  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  w i t h  r e g a r d  
t o  p e r c e p t i o n  i n  M .  o c h r o g a s t e r  p u p s .  
W i t h  t h e  e x c e p t i o n  o f  t h e  c l i f f - d r o p  a v e r s i o n  t e s t ,  0 . 1  a n d  0 . 5  
p p m  l e v e l s  o f  m i  r e x  a p p e a r s  n o t  t o  a f f e c t  t h e  b e h a v i o r a l  d e v e l o p m e n t  
o f  M .  o c h r o g a s t e r  p u p s  a n d  m a t e r n a l  a d u l t s .  H o w e v e r ,  b e c a u s e  t h e r e  
w e r e  m a n y  p u p s  d y i n g  a n d  t h u s  n o t  r e a c h i n g  s t r o n g  r e s p o n s e ,  a  m o r e  
r e a l i s t i c  a n a l y s i s  w a s  c o m p a r i s o n  o f  t h e  n e w  p e r c e n t a g e  o f  p u p s  r e a c h i n g  
a n d  n o t  r e a c h i n g  s t r o n g  r e s p o n s e  i n  t h e  2 n d  g e n e r a t i o n  s t u d y .  
M .  o c h r o g a s t e r  p u p s  a n d  m a t e r n a l  a d u l t s  e x p o s e d  t o  0 . 1  a n d  0 . 5  p p m  
m i  r e x  t h r o u g h  t h e  2 n d  g e n e r a t i o n  s h o w e d  a  r e d u c t i o n  i n  t h e  p e r c e n t a g e  
o f  a n i m a l s  r e a c h i n g  s t r o n g  r e s p o n s e  i n  t h e  f o l l o w i n g  t e s t s ;  1 )  h i n d -
l i m b  p l a c i n g ,  2 )  n o r m a l  p o s t u r e ,  3 )  s t r a i g h t - l i n e  w a l k i n g ,  4 )  v i b r i s s a e  
p l a c i n g ,  5 )  v i s u a l  p l a c i n g ,  6 )  n e g a t i v e  g e o t a x i s ,  7 )  b a r - h o l d i n g  
a b i l i t y ,  a n d  8 )  a u d i t o r y  s t a r t l e  ( T a b l e  3 5 ) .  N o  a n i m a l s  r e a c h e d  f u l l  
r e s p o n s e  i n  r o o t i n g  a n d  s w i m m i n g  a t  0 , 5  p p m  b u t  s i n c e  t h e r e  w a s  n o  
v a r i a t i o n  i n  t h e  r e s p o n s e  o f  a l l  t r e a t m e n t  g r o u p s ,  n o  s t a t i s t i c a l  c o m ­
p a r i s o n  c o u l d  b e  m a d e .  
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H e n c e ,  a  m e a s u r e  o f  t h e  n u m b e r  o f  a n i m a l s  r e a c h i n g  s t r o n g  
r e s p o n s e  i s  a  b e t t e r  e v a l u a t i v e  t o o l  o n  t h e  a f f e c t s  o f  m i  r e x  i n  t h e  
2 n d  g e n e r a t i o n  a s  o p p o s e d  t o  t h e  m e a s u r e  o f  d a y s  t o  s t r o n g  r e s p o n s e .  
T h o s e  a n i m a l s  r e a c h i n g  s t r o n g  r e s p o n s e  i n  t h e  2 n d  g e n e r a t i o n  d i d  s o  
i n  d a y s  c o m p a r a b l e  t o  t h e  c o n t r o l s .  A t  t h e  s a m e  t i m e ,  m a n y  a n i m a l s  
d i d  n o t  r e a c h  s t r o n g  r e s p o n s e ,  a n d  i t  w a s  t h u s  i n  t h i s  a r e a  t h a t  t h e  
a f f e c t s  o f  m i  r e x  c o u l d  b e  e v a l u a t e d  m o r e  e f f e c t i v e l y .  
I n  t h e  1 s t  g e n e r a t i o n  s t u d y ,  t h e  a n i m a l s  s u b j e c t e d  t o  b e h a v i o r a l  
t e s t s  n u m b e r e d  2 7  f o r  c o n t r o l s ,  2 6  a n d  3 5  f o r  0 . 1  a n d  0 . 5  p p m  r e s p e c t i v e ­
l y .  I n  t h e  t e s t s  e v a l u a t e d ,  1 0 0  p e r c e n t  o f  t h e  c o n t r o l s ,  8 9  a n d  8 0  p e r ­
c e n t  o f  0 . 1  a n d  0 . 5  p p m  a n i m a l s  r e s p e c t i v e l y  w e r e  s u b j e c t e d  t o  t h e  b e ­
h a v i o r a l  t e s t s .  T h e  p e r c e n t  m o r t a l i t y  f o r  c o n t r o l s  o f  t h e  1 s t  g e n e r a ­
t i o n  w a s  0  w h i l e  1 1  a n d  3 6  p e r c e n t  m o r t a l i t y  o c c u r r e d  a t  0 . 1  a n d  0 . 5  
p p m  r e s p e c t i v e l y .  T h e r e  w a s  n o  d i f f e r e n c e  i n  t h e  p e r c e n t  s u r v i v a l  o f  
p u p s  t h r o u g h  w e a n i n g  ( d u r a t i o n  o f  t e s t  p e r i o d )  i n  0 . 1 ,  0 . 5  p p m  a n d  
c o n t r o l  a n i m a l s .  
H o w e v e r  i n  t h e  2 n d  g e n e r a t i o n  s t u d y ,  3 1  c o n t r o l  a n i m a l s  w e r e  s u b ­
j e c t e d  t o  b e h a v i o r a l  t e s t s ,  c o m p a r e d  t o  1 8  a n d  1 1  a n i m a l s  a t  0 . 1  a n d  0 . 5  
p p m  r e s p e c t i v e l y .  A t  t h e  s a m e  t i m e ,  1 0 0  p e r c e n t  o f  t h e  c o n t r o l ,  7 7  a n d  
4 8  p e r c e n t  o f  0 . 1  a n d  0 . 5  p p m  a n i m a l s  r e s p e c t i v e l y  w e r e  s u b j e c t e d  t o  
b e h a v i o r a l  t e s t s .  N o  p u p s  i n  t h e  c o n t r o l  g r o u p  d i e d  w h i l e  2 5  a n d  5 2  
p e r c e n t  m o r t a l i t y  o c c u r r e d  a t  0 . 1  a n d  0 . 5  p p m  r e s p e c t i v e l y .  C o n t r o l  
a n d  0 .5  p p m  a n i m a l s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t .  
T h e r e f o r e ,  m o r e  a n i m a l s  w e r e  a v a i l a b l e  i n  t h e  1 s t  g e n e r a t i o n  s t u d y  
f o r  s t a t i s t i c a l  a n a l y s i s ,  a n d  t h e  r e s u l t s  i n d i c a t e d  t h a t  mi  rex  i n f l u e n c e d  
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s o m e  o f  t h e  b e h a v i o r a l  t e s t s  i n  M .  o c h r o g a s t e r  p u p s  a t  0 . 1  a n d  0 . 5  p p m .  
T h e  t r e a t m e n t  o f  t h i s  d a t a  i n  t h e  2 n d  g e n e r a t i o n ,  d i d  n o t  r e v e a l  a n y  
s i g n i f i c a n t  d i f f e r e n c e  f r o m  t h a t  o f  t h e  c o n t r o l s  i n  m e a n  d a y s  t o  s t r o n g  
r e s p o n s e .  T h e  a n i m a l s  e x p o s e d  t o  0 . 1  a n d  0 . 5  p p m  m i  r e x ,  a n d  s u r v i v e d  
p e r f o r m e d  i n  a  m a n n e r  s i m i l a r  t o  t h a t  o f  t h e  c o n t r o l s .  T w o  f a c t o r s  
m i g h t  b e  c o n s i d e r e d  h e r e ,  1 )  t h e  p o s s i b i l i t y  o f  s e l e c t i o n  a g a i n s t  
weaker  a n i m a l s  c o u l d  r e s u l t  i n  t h e  w e a k e r  a n i m a l s  d y i n g  ( d u e  t o  l o w e r  
t o l e r a n c e ) ,  a n d  h e n c e  n o  i n f o r m a t i o n  c o u l d  b e  c o n t r i b u t e d  f o r  s t a t i s t i ­
c a l  a n a l y s i s ,  a n d  2 )  b e c a u s e  o f  t h e  s m a l l e r  n u m b e r  o f  a v a i l a b l e  a n i m a l s  
l e f t ,  t h e  s a m p l e  s i z e  w a s  n o t  s u f f i c i e n t  t o  a l l o w  v a l i d  s t a t i s t i c a l  
c o m p a r i s o n s .  
A  s t a t i s t i c a l  a n a l y s i s  o f  p u p s  r e a c h i n g  a n d  n o t  r e a c h i n g  s t r o n g  
r e s p o n s e  p r o v e d  t o  b e  a  b e t t e r  t o o l  i n  e v a l u a t i n g  t h e  e f f e c t s  o f  m i  r e x  
i n  t h e  2 n d  g e n e r a t i o n  s t u d y  b e c a u s e  o f  t h e  s a m p l e  s i z e .  
I t  t h u s  a p p e a r s  t h a t  m i  r e x  a t  0 . 1  a n d  0 . 5  p p m  l e v e l s  d o e s  i n t e r ­
f e r e  w i t h  t h e  n o r m a l  b e h a v i o r a l  d e v e l o p m e n t  o f j M .  o c h r o g a s t e r  p u p s  i n  
t h e  1 s t  g e n e r a t i o n  b y  i n c r e a s i n g  t h e  d a y s  t o  s t r o n g  r e s p o n s e  i n  s o m e  
b e h a v i o r a l  t e s t s .  A l s o  a t  t h e s e  s a m e  l e v e l s ,  m i  r e x  a p p a r e n t l y  i n f l u ­
e n c e s  t h e  v o l e s  a b i l i t y  t o  p e r f o r m  s o m e  o f  t h e  b e h a v i o r a l  t e s t s  i n  t h e  
2 n d  g e n e r a t i o n  a n i m a l s  b y  s u p p r e s s i n g  t h e  a n i m a l s  a b i l i t y  t o  r e a c h  
s t r o n g  r e s p o n s e .  
T h e s e  i n v e s t i g a t i o n s  s u g g e s t  t h a t  f u r t h e r  s t u d i e s  o n  a d d i t i o n a l  
g e n e r a t i o n s  a n d  l a r g e r  s i z e  o f  t r e a t m e n t  g r o u p s  w o u l d  p o s s i b l y  p r o v i d e  
m o r e  c o n c l u s i v e  e v i d e n c e  a s  t o  t h e  e f f e c t s  o f  m i  r e x  o n  t h e  b e h a v i o r a l  
d e v e l o p m e n t  o f  M ,  o c h r o g a s t e r  p u p s  a n d  m a t e r n a l  a d u l t s .  
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I f  w e  p r o j e c t  t h e s e  f i n d i n g s  t o  w i l d l i f e  u n d e r  o r d i n a r y  e n v i r o n ­
m e n t a l  c o n d i t i o n s ,  o n e  m i g h t  p o i n t  o u t  t h a t  t h e  b e h a v i o r a l  p a t t e r n s  
a s s o c i a t e d  w i t h  t h e  l i f e  o f  a n y  o r g a n i s m  i s  a  p r o d u c t  o f  c o m p l e x  
e v o l u t i o n a r y  p r o c e s s e s  a n d  a n y  a l t e r a t i o n  o f  e s t a b l i s h e d  a c t s  m a y  b e  
d e t r i m e n t a l  t o  t h e  s u r v i v a l  o f  t h a t  s p e c i e s .  
M i  r e x  R e s i d u e s  i n  M .  o c h r o q a s t e r  W h o l e - b o d y  T i s s u e  
M i  r e x  r e s i d u e s  h a v e  b e e n  d e t e r m i n e d  i n  b e e f ,  m i l k ,  p o u l t r y ,  
i n s e c t s ,  f i s h ,  b i r d s ,  a n d  m a m m a l s  a f t e r  a p p l i c a t i o n  o f  c o r n  c o b  g r i t s  
b a i t  a t  1 . 7  g m / a c r e .  T h e  h i g h e s t  r e s i d u e s  r e p o r t e d  a r e  1 1 . 3  p p m  i n  
a d i p o s e  t i s s u e  o f  f i s h  a n d  1 0 4  p p m  i n  a d i p o s e  t i s s u e  o f  b i r d s  ( D a v i d s o n  
e t  a l . ,  1 9 7 5 ) .  
T h e  i n t r o d u c t i o n  o f  p e r s i s t e n t  p e s t i c i d e s  i n t o  t h e  environment 
w i t h o u t  l o n g - t e r m  w e l l  d e s i g n e d  i n v e s t i g a t i o n s  c o u l d  r e s u l t  i n  a d d i ­
t i o n a l  e n v i r o n m e n t a l  h a z a r d s .  O n e  o f  t h e  m a j o r  c r i t i c i s m s  o f  t h e  u s e  
o f  m i  r e x  h a s  b e e n  t h a t  t o o  l i t t l e  i s  k n o w n  o f  t h e  e c o l o g i c a l  i m p a c t  
o f  w i d e s p r e a d  b a i t  a p p l i c a t i o n ,  i t s  r e p r o d u c t i v e  e f f e c t s  a n d  t h e  
a c c u m u l a t i o n  o f  t h e  i n s e c t i c i d e  i n  t h e  f o o d  c h a i n .  A l s o ,  t h e  t o x i c  
e f f e c t s  o f  a n  a c u t e  e x p o s u r e  m a y  b e  v e r y  d i f f e r e n t  f r o m  t h o s e  o f  l o n g -
t e r m ,  l o w - l e v e l  d o s a g e  s i n c e  d i f f e r e n t  o r g a n s  o f  d i f f e r e n t  s e n s i t i v i t i e s  
w i l l  b e  m o r e  h e a v i l y  e x p o s e d  d e p e n d i n g  u p o n  d o s e ,  t i m e  a n d  m e a n s  o f  
e x p o s u r e .  V a r i o u s  a n i m a l s  d i f f e r  i n  p a t t e r n s  o f  a b s o r p t i o n ,  s t o r a g e  
a n d  e x c r e t i o n  a n d  m a n y  a d d i t i o n a l  s t u d i e s  a r e  n e e d e d  o n  m i  r e x  a c c u m u ­
l a t i o n  a n d  e x c r e t i o n  ( I v i e  e ^ ^ . ,  1 9 7 4 b ) .  
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M .  o c h r o q a s t e r  a d u l t s  e x p o s e d  t o  1 ,  5 ,  1 0 ,  1 5  a n d  2 5  p p m  m i  r e x  
f o r  9 0  d a y s  a n d  t h e n  t a k e n  o f f  t h e  i n s e c t i c i d e  f o r  a  p e r i o d  o f  4  
m o n t h s ,  a l l  h a d  d e t e c t a b l e  r e s i d u e  l e v e l s  ( T a b l e  3 6 ) .  W i t h  i n c r e a s e d  
r e s i d u e  l e v e l s  I n  t h e  d i e t ,  t h e r e  w a s  a  c o r r e s p o n d i n g  i n c r e a s e  i n  
r e s i d u e  l e v e l s  i n  b o d y  t i s s u e .  I n  a g r e e m e n t  w i t h  t h e  w o r k  o f  M e d l e y  
£ j _ .  ( 1 9 7 4 )  l i n e a r  r e g r e s s i o n  a n a l y s i s  i n d i c a t e s  a  g o o d  s t r a i g h t  
l i n e  o f  f i t  b e t w e e n  t h e  a m o u n t  f e d  a n d  t h e  a m o u n t  o f  r e s i d u e  a c c u m u l a t e d  
( G r a p h  2 7 ) .  
Animals at 2 5  ppm mi rex exposure al l  died within 7 8  days. Hence, 
the t issue levels from this treatment group are indicative of mi rex 
i nco rpo ra t i on  i n t o  t he  t i s sue  w i t h i n  t h i s  t ime  pe r i od .  S ince  t he  1 ,  
5 ,  10 and 15 ppm animals had been off  the mi rex diet for 4 mos. be­
fore sacri f icing mi rex t issue residues should have diminished to some 
extent. The results of the gas chromatographic analysis showed that 
M. ochroqaster had accumulated detectable amounts of mi rex, even after 
the cessation of treatment over a prolonged period of 4 mos. There 
is well  documented evidence which test i f ies to mi rex persistency in 
the  env i r onmen t  and  t o  i t s  l ack  o f  deg rada t i on  (G ibson  £ t  ,  1 9 7 2 ;  
Mehenda l  e  e t  £ l _ . ,  1 9 7 2 ) .  
M a r k i n  e t  a j _ .  ( 1 9 7 4 a )  s a m p l e d  2 5  i n v e r t e b r a t e s  f r o m  a n  a r e a  w h i c h  
h a d  b e e n  e x p o s e d  t o  a  s i n g l e  b a i t  a p p l i c a t i o n  a n d  f o u n d  t h a t  r e s i d u e s  
b e g a n  t o  d e c l i n e  a f t e r  9 0  d a y s .  S i g n i f i c a n t  d e c r e a s e , h o w e v e r ,  w a s  n o t  
n o t e d  u n t i l  a f t e r  a  y e a r .  I  v i e  _ e ^  ( 1 9 7 4 a )  s u b j e c t e d  J a p a n e s e  
q u a i l  t o  a  s i n g l e  d o s e  o f  1 . 2  p p m  a n d  f o u n d  d e t e c t a b l e  r e s i d u e  l e v e l s  
o f  m i  r e x  a f t e r  8 4  d a y s .  C o l l i n s  e ^  s i ^ .  ( 1 9 7 4 )  f o u n d  d e t e c t a b l e  r e s i d u e  
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l e v e l s  o f  m i  r e x  i n  t h e  e a s t e r n  h a r v e s t e r  m o u s e ,  e a s t e r n  c o t t o n  t a i l  a n d  
o p p o s u m  1  y e a r  a f t e r  e x p o s u r e  o f  1 . 7  g m / a c r e .  M e d l e y  e t  a _ [ _ .  ( 1 9 7 4 )  
c o n c l u d e d  t h a t  o n c e  m î r e x  i s  i n  t h e  t i s s u e  5 0  p e r c e n t  o f  t h e  o r i g i n a l  
l e v e l  r e m a i n s  f o r  a  p e r i o d  o f  1 0 0  d a y s  i n  r o o s t e r s  f e d  f r o m  0 . 0 0 7 -
7 . 2 1  p p m  m i  r e x .  I v i e  e t  £ l _ .  ( 1 9 7 4 b )  a l s o  p o i n t e d  o u t  t h a t  r a t s  e x p o s e d  
t o  m i  r e x  v i a  f o o d  f o r  6  m o s .  a n d  t h e n  r e m o v e d  f o r  1 0  m o s .  s t i l l  
h a d  5 0  p e r c e n t  o f  t h e  r e s i d u e  w i t h i n  t h e i r  b o d y .  M e d l e y  £ t  a j _ .  ( 1 9 7 4 )  
f e d  r o o s t e r s  w i t h  m i  r e x  d i e t  f o r  2 7  w e e k s  a n d  t h e n  t o o k  t h e m  o f f  t h e  
f e e d  f o r  1 2  w k s .  H e  f o u n d  t h a t  h a l f  o f  t h e  t i s s u e  r e s i d u e  r e m a i n e d .  
M e h e n d a l e  e ^  ( 1 9 7 2 )  d e t e r m i n e d  t h a t  o n c e  m i  r e x  i s  a b s o r b e d ,  
t h e  i n s e c t i c i d e  i s  r e a d i l y  s t o r e d  i n  t h e  b o d y  a n d  s l o w l y  e x c r e t e d .  
T h e  f i r s t  h a l f - l i f e  o f  m i  r e x  w a s  3 8  h r s .  a n d  t h e  p r o j e c t e d  s e c o n d  h a l f -
l i f e  w a s  i n  e x c e s s  o f  1 0 0  d a y s .  
D a t a  f r o m  m y  i n v e s t i g a t i o n s  a s  w e l l  a s  t h o s e  d i s c u s s e d  a b o v e  a t t e s t  
t o  t h e  o b v i o u s  p e r s i s t e n c y  o f  m i  r e x .  
M .  o c h r o q a s t e r  a d u l t s  c o n t i n u o u s l y  e x p o s e d  t o  m i  r e x  a t  c o n c e n t r a ­
t i o n s  o f  0 .1 ,  0 .5 ,  0 .7 ,  1  a n d  5  p p m  a c c u m u l a t e d  c o n c e n t r a t i o n  l e v e l s  
f a r  g r e a t e r  t h a n  t h a t  o f  t h e  d i e t  ( T a b l e  3 7 ) .  T h e  d u r a t i o n  o f  t h i s  
e x p o s u r e  w a s  5  m o s .  A g a i n ,  t h e  a m o u n t  o f  m i  r e x  i n  t h e  d i e t  c o r r e s ­
p o n d s  t o  i n c r e a s e d  a m o u n t s  i n  b o d y  t i s s u e  a n d  a g r e e d  w i t h  M e d l e y  e t  a l .  
( 1 9 7 4 ) .  L i n e a r  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  a  g o o d  s t r a i g h t  l i n e  o f  
f i t  b e t w e e n  a m o u n t  f e d  a n d  a m o u n t  o f  r e s i d u e  a c c u m u l a t e d  i n  b o d y  t i s s u e .  
B a e t c k e  e t  ( 1 9 7 2 )  i n d i c a t e d  t h a t  l o w  l e v e l s  o f  m i  r e x  r e s i d u e  
r e m a i n  i n  t h e  e n v i r o n m e n t  a n d  m a y  b e  c o n c e n t r a t e d  b y  s o m e  s p e c i e s  w h i l e  
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M e h e n d a l e  £ t  a l ^ .  ( 1 9 7 2 )  p o i n t e d  o u t  t h a t  a n i m a l s  e n v i r o n m e n t a l l y  e x ­
p o s e d  e v e n  a t  l o w  d o s a g e s  c a n  b e  e x p e c t e d  t o  c o n c e n t r a t e  h i g h  l e v e l s  
o f  t h i s  i n s e c t i c i d e .  
I  v i e  e t  £ l _ .  ( 1 9 7 4 b )  r e p o r t e d  t h a t  1 6  m o s .  e x p o s u r e  o f  r a t ' s  t o  
0 . 3  p p m  m i  r e x  r e s u l t e d  i n  r e s i d u e s  o f  3 6  p p m  w h e r e a s  r e s i d u e s  r e s u l t i n g  
f r o m  e x p o s u r e  t o  m i  r e x  l e v e l s  o f  3  p p m  w e r e  t e n - f o l d  h i g h e r .  P u t n a m  
e t  £ l _ .  ( 1 9 7 4 )  i n d i c a t e d  t h a t  a l l  t i s s u e  r e s i d u e  l e v e l s  o f  v a r i o u s  s p e c i e s  
o f  b i r d s  w e r e  h i g h e r  t h a n  t h o s e  i n  t h e  f e e d .  H y d e  £ t  £ l _ .  ( 1 9 7 3 )  f o u n d  
t h a t  m a l l a r d  d u c k s  f e d  a t  1  a n d  1 0 0  p p m  m i  r e x  f o r  2 5  w e e k s  a c c u m u l a t e d  
m i  r e x  i n  v a r i o u s  t i s s u e s  r a n g i n g  f r o m  1 . 5  t o  3 0  t i m e s  t h e  d i e t a r y  l e v e l .  
T h u s ,  m i  r e x  m a y  p r o v e  m o r e  d a n g e r o u s  t h a n  t h e  LD^ Q w o u l d  i n d i c a t e  
b e c a u s e  o f  i t s  s t o r a g e  p r o p e n s i t y  a n d  i t s  r e s i s t a n c e  t o  b i o d é g r a d a t i o n  
( M e h e n d a l e  e t  a l . ,  1 9 7 3 ) .  B e c a u s e  o f  i t s  r e s i d u a l  p r o p e r t i e s  a n d  
a c c u m u l a t i v e  a b i l i t y ,  l o n g  t e r m  e x p o s u r e  e v e n  a t  s u b l e t h a l  l e v e l s  o f  
0 . 1 ,  0 . 5 ,  0 . 7  a n d  1  p p m  m a y  r e s u l t  i n  a c c u m u l a t i o n  t o  t h e  p o i n t  w h e r e  
r e p r o d u c t i v e  s u c c e s s  a n d  s u r v i v a l  o f  a d u l t  a n d  p u p s  o f  s o m e  m a m m a l i a n  
s p e c i e s  a s  w e l l  a s  o t h e r  w i l d l i f e  m a y  b e  a f f e c t e d .  A n o t h e r  f a c t o r  o f  
i m p o r t a n c e  ( O b e r h e u ,  1 9 7 2 )  i s  t h a t  d e s p i t e  t h e  v e r y  l o w  d o s a g e  l e v e l s  
a t  w h i c h  m i  r e x  i s  a p p l i e d  t h e  i n s e c t i c i d e  c o u l d  r e a d i l y  a p p e a r  i n  t h e  
f o o d  c h a i n  a n d  c o u l d  b e  r e c y c l e d  u p o n  t h e  d e a t h  o f  t h e  o r g a n i s m  
( M e h e n d a l  e  e t  a j ^ . ,  1 9 7 2 ) .  
P a r e n t ,  F j  a n d  F g  g e n e r a t i o n s  o f  M .  o c h r o g a s t e r ,  e x p o s e d  t o  m i  r e x  
a t  l e v e l s  o f  0 . 1  a n d  0 . 5  p p m  s h o w  c o n c e n t r a t i o n s  i n  w h o l e - b o d y  t i s s u e  
c o r r e s p o n d i n g  t o  a n  i n c r e a s e  i n  b o d y  r e s i d u e s  w i t h  i n c r e a s e d  l e v e l s  i n  
t h e  d i e t  ( T a b l e  3 8 ) .  A g a i n ,  i n  a g r e e m e n t  w i t h  M e d l e y  e t  ( 1 9 7 4 )  
247 
l i n e a r  r e g r e s s i o n  a n a l y s i s  p r o v i d e s  a  g o o d  s t r a i g h t  l i n e  f i t  f o r  m i  r e x  
i n  t h e  d i e t  a n d  m i  r e x  l e v e l  i n  f e e d .  H o w e v e r ,  t h e r e  w a s  n o t  a  p r o g r e s ­
s i v e  b u i l d  u p  f r o m  p a r e n t a l  t o  2 n d  g e n e r a t i o n .  T h e s e  r e s u l t s  o n l y  
c o m p a r e  d a t a  f r o m  t w o  g e n e r a t i o n s .  I n v e s t i g a t i o n s  w h i c h  a r e  e x t e n d e d  
t o  c o v e r  t h r e e  t o  f o u r  g e n e r a t i o n s ,  m i g h t  p r o v i d e  m o r e  s u b s t a n t i a l  i n ­
f o r m a t i o n  o n  t h e  a c c u m u l a t i v e  e f f e c t s  o f  m i  r e x  t h r o u g h  g e n e r a t i o n s .  
Q u e s t i o n s ,  t h e n ,  c o n c e r n i n g  p o s s i b l e  r e s i s t a n c e  a n d  e n h a n c e d  e l i m i n a ­
t i o n  o f  m i  r e x  m a y  b e  r a i s e d  a n d  d i s c u s s e d  i n t e l l i g e n t l y .  
Thus, even at these low levels, there appeared to be some in­
f luence on the reproductive parameters investigated which may be 
speculated to have resulted from the accumulative mult igeneration 
of mi rex. Chronic effects of sublethal levels have not been investi­
gated in any detai l ,  and may be important because the chemical is per­
sistent (Wolfe and Norment, 1973) .  i t  is possible that extended 
mult igeneration tests on several dif ferent species would provide more 
information as to how mi rex might effect organisms in this manner. 
I f  cumulative effects were found through the generations, this surely 
would lead to genetic studies, at least for evidence of chromosome 
damage (Personal communication, Luci l le Stickel, Director Pesticide 
and Pollut ion Research, Patuxent Wildl i fe Research Center, Laurel,  
Ma ry l and ,  1 9 7 4 ) .  
In this investigation, al l  controls contained small  residues of 
mi rex. For studies involving the 90 day exposure, single generation 
con t i nuous  exposu re  and  mu l  t i gene ra t i on  s tudy ,  Pu tnam e ; t  ( 1 9 7 4 )  
also reported that shavings used in chick cages were pesticide free 
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a t  t h e  s t a r t ,  b u t  a l l  s h o w e d  d e t e c t a b l e  l e v e l s  o f  m i  r e x  p e s t i c i d e  
w h e n  a n a l y z e d .  D e s p i t e  e f f o r t s  t o  u s e  r e s i d u e  f r e e  s o i l ,  f e e d  a n d  
s h a v i n g s ,  t h e  c o n t r o l  p e n s  s t i l l  e x h i b i t e d  r e s i d u e s .  A n  a n a l y s i s  o f  
t h e  d u s t  i n  t h e  h o u s e  r e v e a l e d  r e s i d u e s  o f  s e v e r a l  p e s t i c i d e s  i n d i c a ­
t i n g  m o v e m e n t  t h r o u g h o u t  t h e  p e n  i n  t h e  d u s t .  H y d e  £ t  £ ] _ .  ( 1 9 7 3 )  
a l s o  r e p o r t e d  t h a t  r e s i d u e  l e v e l s  i n  c o n t r o l  m a l l a r d  d u c k s  w e r e  f o u n d  
i n  i n v e s t i g a t i o n s  w h e r e  e x p e r i m e n t a l  d u c k s  w e r e  f e d  1  a n d  1 0 0  p p m  
mi  rex  for  6  months .  S ince  the  feed used in  th is  s tudy was  in  semi-
p o w d e r  f o r m ,  i t  i s  p o s s i b l e  t h a t  c o n t a m i n a t i o n  c o u l d  h a v e  r e s u l t e d  f r o m  
d u s t  p a r t i c l e s  e n t e r i n g  t h e  w o o d s h a v i n g s  o r  f u r  o f  t h e  v o l e s  i n  t h e  
c o n t r o l  g r o u p .  
D u r i n g  t h e  6 0 ' s  t h e  f a c t  t h a t  c h r o n i c  e f f e c t s  r e l a t e d  t o  p e s t i ­
c i d e s  d i d  o c c u r  w a s  m a d e  i n t o  a  r e a l i t y  a n d  p r e d i c t i o n s  o f  p o t e n t i a l  
i m p a c t  o f  p e s t i c i d e s  o n  a n i m a l  p o p u l a t i o n s  b e c a m e  e s t a b l i s h e d  i n  t h e  
f o r e f r o n t  o f  p e s t i c i d e  r e s e a r c h .  M a n y  o f  t h e  r e s u l t s  i n  t h e  l a b  a n d  
t h e i r  e x t r a p o l a t i o n s  o f  t h e s e  r e s u l t s  t o  n a t u r a l  e n v i r o n m e n t a l  c o n d i ­
t i o n s  a r e  d i f f i c u l t ,  b u t  s o m e  o f  t h e  b a s i c  p h y s i o l o g i c a l  e f f e c t s  d i s ­
c l o s e d  b y  l a b o r a t o r y  i n v e s t i g a t i o n s  p r o b a b l y  d o  t a k e  p l a c e  i n  t h e  w i l d .  
A t  t h e  s a m e  t i m e ,  s p e c i f i c  p r e d i c t i o n s  o f  t o x i c i t y  a r e  d i f f i c u l t  b e ­
c a u s e  o f  1 )  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  o n  t h e  b a s i s  o f  s e x ,  d e v e l o p ­
m e n t a l  s t a g e  a n d  s i z e  o f  t h e  o r g a n i s m ,  a n d  2 )  d i f f e r i n g  e n v i r o n m e n t a l  
c o n d i t i o n s  ( t e m p e r a t u r e ,  c l i m a t e ,  a n d  a d d i t i o n a l  p e s t i c i d e s  w h i c h  h a v e  
b e e n  i n c o r p o r a t e d  i n t o  t h e  e n v i r o n m e n t ) .  
Y e t ,  a n i m a l s  e n v i r o n m e n t a l l y  e x p o s e d  t o  m i  r e x  e v e n  a t  l o w  d o s a g e s  
c a n  b e  e x p e c t e d  t o  c o n c e n t r a t e  h i g h  l e v e l s  o f  t h i s  i n s e c t i c i d e  i n  t h e i r  
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t i s s u e .  F u r t h e r m o r e ,  s i n c e  m i  r e x  i s  n o t  d e g r a d e d  b y  e i t h e r  p l a n t s  o r  
a n i m a l s ,  a c c u m u l a t e d  m i  r e x  c a n  b e  e x p e c t e d  t o  b e  r e c y c l e d  u p o n  t h e  
d e a t h  o f  t h e  o r g a n i s m  ( M e h e n d a l e  e t  a j ^ .  1 9 7 2 ) .  T h e  p e r s i s t e n c e ,  
l a c k  o f  b i o d é g r a d a t i o n ,  c h e m i c a l  s t a b i l i t y ,  t o x i c  e f f e c t s  a n d  c h a r a c t e r ­
i s t i c s  o f  b i o - c o n c e n t r a t i o n  o f  m i  r e x  a r e  a t t r i b u t e s  w h i c h  s u p p o r t  t h e  
c o n t e n t i o n  t h a t  t h e s e  a r e  f a c t o r s  i n v o l v i n g  t h e  m o s t  p r u d e n t  c o u r s e  
o f  a c t i o n .  
A s  s t a t e d  i n  t h e  I n t r o d u c t i o n  t o  t h i s  p a p e r  ( P r i t c h a r d  e t  a l . ,  
1 9 7 3 ) ^ a t  p r e s e n t  t h e  l a r g e r  p r o b l e m  i s  n o t  o n e  o f  i n t e n s e  c o n t a m i n a ­
t i o n  a n d  s h o r t - t e r m  l e t h a l  e f f e c t s ;  r a t h e r  i t  i s  o f  u n i v e r s a l  e x p o s u r e  
t o  l e v e l s  n o t  y e t  o v e r t l y  t o x i c .  I f  m i  r e x  c a n  b e  f o u n d  a t  h i g h  l e v e l s  
i n  w i l d l i f e ,  k i n g f i s h e r  1 7  p p m ,  r a c c o o n  4 . 4 0  p p m ,  b l u e  b i r d  1 0 4  p p m ,  
( B o r t h w i c k  e t  ,  1 9 7 3 ) ,  t h o u g h  i t  i s  o n l y  a p p l i e d  a t  1 . 7  g m / a c r e ,  
t h e r e  s h o u l d  b e  g r e a t  c a u s e  f o r  c o n c e r n .  T h e  f a c t  r e m a i n s  t h a t  r e l e a s e  
o f  t h i s  c o m p o u n d  i n t o  t h e  e n v i r o n m e n t  r e s u l t s  i n  r e s i d u e s  p e r s i s t i n g  
a n d  r e m a i n i n g  u n c h a n g e d  f o r  e x t e n d e d  p e r i o d s .  
S t i c k e l  £ t  £ l _ .  ( 1 9 7 3 )  p o i n t e d  o u t  t h a t  t h e  d a n g e r  o f  m i  r e x  t o  
v a l u a b l e  c r u s t a c e a n s  s u c h  a s  s h r i m p  a n d  c r a b s  i s  h i g h ,  b u t  t h a t  t h e  
d a n g e r  t o  f i s h  a n d  b i r d s  s e e m s  m u c h  l e s s .  T h e r e  m a y  b e  a  w i d e  s a f e t y  
m a r g i n  f o r  b i r d s  w i t h  t h e  p r e s e n t  a p p l i c a t i o n  r a t e  o f  m i  r e x  i f  d e a t h  
i s  t h e  o n l y  c o n s i d e r a t i o n .  T h e  s a m e  w a s  s a i d  o f  D D E .  I t  t o o k  2 5  y e a r s  
t o  l e a r n  w h a t  s u b t l e ,  b u t  d r a s t i c  e f f e c t s  s m a l l  a m o u n t s  o f  D D E  c o u l d  .  
h a v e  o n  c e r t a i n  b i r d s .  W e  d o  n o t  k n o w  a t  t h i s  p o i n t  i f  t h e r e  i s  a n y  
s a f e t y  f a c t o r  f o r  m a m m a l s  e x p o s e d  o v e r  a n  e x t e n s i v e  p e r i o d  o f  t i m e .  
S u r e l y  t h e  d e a t h  o f  i n d i v i d u a l  o r g a n i s m s  i s  n o t  t h e  o n l y  c r i t e r i a  h e r e  
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i f  O R S  i s  l o o k i n g  a t  s p e c i e s  s u r v i v a l  w i t h  r e g a r d  t o  r e p r o d u c t i v e  a n d  
b e h a v i o r a l  e f f e c t s .  T h e r e  m u s t  b e  l o n g  t e r m  s t u d i e s  o n  s e v e r a l  w i l d l i f e  
m a m m a l i a n  s p e c i e s  a t  l e v e l s  a p p r o a c h i n g  t h o s e  f o u n d  i n  t h e  e n v i r o n m e n t .  
T h e s e  s t u d i e s  s h o u l d  e i t h e r  b e  s i n g l e  o r  m u l t i g e n e r a t i o n s .  
I t  i s  p o s s i b l e  t h a t  p a s t  m i s t a k e s  i n v o l v i n g  p e s t i c i d e  u s e  c a n  b e  
l e s s e n e d  o r  c e a s e d  a l t o g e t h e r .  D e t a i l e d  i n v e s t i g a t i o n s  i n c o r p o r a t i n g  
t h e  p o s s i b l e  e f f e c t s  o f  c h e m i c a l s  o n  w i l d l i f e  s p e c i e s  s h o u l d  b e  r e q u i r e d  
i n  t h e  b a t t e r y  o f  t e s t s  e s t a b l i s h i n g  s a f e  p e s t i c i d e  l e v e l s  f o r  u s e  i n  
t h e  e n v i r o n m e n t .  
251 
C H A P T E R  V I .  S U M M A R Y  
T h e  e f f e c t s  o f  m i  r e x  o n  r e p r o d u c t i o n  h a v e  b e e n  s p a r s e l y  s t u d i e d  
b y  p r e v i o u s  i n v e s t i g a t o r s .  T h e r e  h a v e  b e e n  n o  k n o w n  s t u d i e s  s p e c i f i c a l l y  
i n v o l v i n g  t h e  e f f e c t s  o f  m i  r e x  o n  t h e  b e h a v i o r a l  d e v e l o p m e n t  o f  m a m m a l s .  
V a r i o u s  i n v e s t i g a t o r s  h a v e  i n d i c a t e d  t h a t  f u r t h e r  u s e  o f  m i  r e x  i n  t h e  
e n v i r o n m e n t  s h o u l d  b e  c u r t a i l e d  u n t i l  s u f f i c i e n t  s t u d i e s  i n v o l v i n g  m i  r e x  
e x p o s u r e  a n d  t h e  p o s s i b l e  d e t r i m e n t a l  e f f e c t  t o  w i l d l i f e  h a v e  b e e n  c o m ­
p l e t e d .  
T h i s  s t u d y  w a s  a n  a t t e m p t  t o  i n v e s t i g a t e  m i  r e x  i n  t h e  f o l l o w i n g :  1 )  
s i n g l e  g e n e r a t i o n ,  9 0 - d a y  e x p o s u r e  s t u d y ,  2 )  s i n g l e  g e n e r a t i o n ,  c o n t i n u ­
o u s - e x p o s u r e  s t u d y ,  a n d  3 )  m u 1 t i g e n e r a t i o n ,  c o n t i n u o u s - e x p o s u r e  s t u d y .  
T h e  r e p r o d u c t i v e  p a r a m e t e r s  i n v e s t i g a t e d  w e r e :  1 )  a d u l t  m o r t a l i t y ,  
2 )  p e r c e n t a g e  o f  m a t e d  p a i r s  p r o d u c i n g  l i t t e r s  e a c h  g e n e r a t i o n ,  3 )  
n u m b e r  o f  d a y s  f r o m  p a i r i n g  o f  m a l e  a n d  f e m a l e  t o  t h e  b i r t h  o f  s u c ­
c e s s i v e  l i t t e r s ,  4 )  n u m b e r  o f  d a y s  b e t w e e n  c o n s e c u t i v e  l i t t e r s ,  5 )  
n u m b e r  o f  o f f s p r i n g  p e r  l i t t e r ,  6 )  n u m b e r  o f  l i t t e r s  p r o d u c e d  p e r  g r o u p ,  
7 )  n u m b e r  o f  o f f s p r i n g  p e r  g r o u p ,  8 )  p e r c e n t a g e  o f  p u p s  s u r v i v i n g  t o  
d a y s  4  a n d  2 1 ,  9 )  l a c t a t i o n  i n d e x ,  a n d  1 0 )  p e r c e n t  m o r t a l i t y  o f  p u p s .  
B e h a v i o r a l  d e v e l o p m e n t  t e s t s  w e r e  a s  f o l l o w s :  1 )  r i g h t i n g  r e f l e x ,  
2 )  f o r e -  a n d  h i n d l i m b  p l a c i n g ,  3 )  p o s t u r a l  f l e x i o n  a n d  e x t e n s i o n ,  U )  
n o r m a l  p o s t u r e ,  5 )  f o r e -  a n d  h i n d l i m b - g r a s p - r e f l e x ,  6 )  s w i m m i n g ,  7 )  
s t r a i g h t - l i n e  w a l k i n g ,  8 )  r o o t i n g ,  9 )  v i b r i s s a e  p l a c i n g ,  1 0 )  v i s u a l  
p l a c i n g ,  1 1 )  n e g a t i v e  g e o t r o p i s m ,  1 2 )  b a r - h o l d i n g  a b i l i t y ,  1 3 )  c l i f f -
d r o p  a v e r s i o n ,  1 4 )  e y e  o p e n i n g ,  1 5 )  a u d i t o r y  s t a r t l e ,  l 6 )  l a t e n c y - t o -
r e t r i e v e ,  a n d  1 7 )  d e f e n s e - o f - y o u n g .  
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I n  t h e  r e p r o d u c t i v e  s t u d i e s ,  t h e  s t r e s s  i m p o s e d  b y  r e p r o d u c t i o n  
a n d  l a c t a t i o n  c o u l d  a c c e n t u a t e  a n y  t o x i c o l o g i c a l  e f f e c t s  w h i c h  m i g h t  
r e s u l t  f r o m  t h e  a d d i t i o n  o f  m i  r e x  t o  t h e  d i e t .  W i t h  a i l  t h e s e  f a c t o r s  
o p e r a t i n g ,  a n y  d e c r e a s e  i n  t h e  r e p r o d u c t i v e  s u c c e s s  w o u l d  p r o v i d e  
e s s e n t i a l  i n f o r m a t i o n  a s  t o  t h e  e f f e c t s  o f  m i  r e x .  
T h e  m u l t i g e n e r a t i o n  r e p r o d u c t i v e  a n d  b e h a v i o r a l  s t u d i e s  w e r e  d e ­
s i g n e d  t o  s e e k  i n f o r m a t i o n  o n  t h e  l o n g  t e r m  c u m u l a t i v e  e f f e c t s  o f  
m i  r e x  t h r o u g h  t w o  g e n e r a t i o n s  u s i n g  s u b l e t h a l  d o s a g e s .  I t  w a s  h o p e d  
t h a t  s u b t l e  r e p r o d u c t i v e  o r  b e h a v i o r a l  e f f e c t s  c o u l d  b e  a s c e r t a i n e d  
f r o m  t h i s  i n v e s t i g a t i o n .  
T h e  d o s a g e s  u s e d  r a n g e d  f r o m  h i g h  l e v e l s  w h i c h  h a v e  b e e n  f o u n d  i n  
t h e  e n v i r o n m e n t  a s  a  r e s u l t  o f  t h e  c u m u l a t i v e  e f f e c t s  o f  m i  r e x ,  t o  
l o w  d o s a g e s  a p p r o a c h i n g  l e v e l s  a p p l i e d  d i r e c t l y  t o  t h e  e n v i r o n m e n t .  
A c t u a l  m i  r e x  l e v e l s  u s e d  w e r e ,  s t u d y  1 )  1 ,  5 ,  1 0 ,  1 5 ,  a n d  2 5  p p m ,  
s t u d y  2 )  0 . 1 ,  0 . 5 ,  0 . 7 ,  1  a n d  5  p p m ,  a n d  s t u d y  3 )  0 . 1  a n d  0 . 5  p p m .  
T h e  c h o i c e  o f  M .  o c h r o q a s t e r  f o r  t h i s  i n v e s t i g a t i o n  a l l o w e d  t h e  
i n c o r p o r a t i o n  o f  a  w i l d l i f e  a n i m a l .  I n f o r m a t i o n  t h u s  o b t a i n e d  c o u l d  
h a v e  p o s s i b l e  i m p l i c a t i o n s  t o  o t h e r  w i l d l i f e  s p e c i e s .  
S t u d y  1 ;  S i n g l e  G e n e r a t i o n ,  9 0 - D a y  e x p o s u r e  S t u d y  
A d u l t  m o r t a l i  t y  
T h e  m o r t a l i t y  r a t e  o f  M .  o c h  r o q a s t e r  a d u l t s  i n c r e a s e d  i n  a n i m a l s  
e x p o s e d  t o  5 ,  1 0 ,  a n d  1 5  p p m  m i  r e x .  A t  2 5  p p m  m i  r e x  e x p o s u r e  t h e r e  w a s  
1 0 0  percen t  m o r t a l i t y .  
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Percentage of mated pairs producing l i t ters each generation 
T h e  p e r c e n t a g e  o f  M .  o c h  r o g a s t e r  m a t e d  p a i r s  r e p r o d u c i n g  w a s  
d e c r e a s e d  i n  1 s t ,  3 r d  a n d  4 t h  l i t t e r s  o f  a n i m a l s  e x p o s e d  t o  1  p p m  
m i  r e x .  T h i s  d e c r e a s e  w a s  a l s o  f o u n d  i n  t h e  1 s t ,  2 n d  a n d  3 r d  l i t t e r s  
o f  a n i m a l s  e x p o s e d  t o  5  p p m ,  a n d  1 s t  a n d  2 n d  l i t t e r s  o f  a n i m a l s  e x p o s e d  
t o  1 0  a n d  1 5  p p m .  R e p r o d u c t i v e  s u c c e s s  w a s  l i m i t e d  t o  t h e  e x t e n t  t h a t  
t h e r e  w e r e  n o  5 t h  l i t t e r  1  p p m  a n i m a l s ,  n o  4 t h  a n d  5 t h  l i t t e r  5  p p m  
a n i m a l s ,  a n d  n o  3 r d ,  4 t h  o r  5 t h  l i t t e r  1 0  a n d  1 5  p p m  a n i m a l s .  A l l  2 5  
p p m  a n i m a l s  d i e d  b e f o r e  r e p r o d u c i n g .  
Number of days from pair ing of male and female to birth of successive 
1i t ters 
T h e  d a y s  t o  t h e  b i r t h  o f  s u c c e s s i v e  l i t t e r s  w a s  i n c r e a s e d  i n  t h e  
1 s t ,  2 n d  a n d  3 r d  g e n e r a t i o n s  i n  a n i m a l s  e x p o s e d  t o  1 ,  5 ,  1 0  p p m  a n d  
i n  t h e  2 n d  g e n e r a t i o n  i n  1 5  p p m  a n i m a l s .  
Number of days between consecutive l i t ters 
M .  o c h r o g a s t e r  e x p o s e d  t o  m i  r e x  a t  1 ,  5 ,  1 0  p p m  l e v e l s  f r o m  t h e  
1 s t ,  2 n d  a n d  3 r d  a n d  4 t h  i n t e r v a l  d i d  n o t  s h o w  a n y  e f f e c t s  d u e  t o  
m i  r e x  e x p o s u r e  i n  t h e  n u m b e r  o f  d a y s  b e t w e e n  l i t t e r s .  A n i m a l s  e x p o s e d  
t o  1 5  p p m  m i  r e x  h o w e v e r ,  s h o w e d  a  m a r k e d  i n c r e a s e  i n  t h e  n u m b e r  o f  d a y s  
b e t w e e n  c o n s e c u t i v e  l i t t e r s .  
Number of offspring per l i t ter 
A n i m a l s  e x p o s e d  t o  1 ,  5 ,  1 0  a n d  1 5  p p m  m i  r e x  s h o w e d  n o  a p p a r e n t  
e f f e c t s  o n  t h e  n u m b e r  o f  o f f s p r i n g  p r o d u c e d  p e r  l i t t e r .  
/ 
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Mean number of l i t ters produced per group 
Animals exposed to 1 ^  5 ,  1 0  and 1 5  ppm mi rex showed a progressive 
decrease in the number of l i t ters produced. 
Number of offspring per group 
Animals exposed to 1 ,  5 ,  1 0  and 1 5  ppm mi rex showed a progressive 
decrease in the number of offspring produced. 
Percentage of pups surviving to days 4  and 2 1  
A n i m a l s  e x p o s e d  t o  1 ,  5 ,  1 0  a n d  1 5  p p m  m i  r e x  s h o w e d  n o  a p p a r e n t  
e f f e c t  o n  t h e  p e r c e n t  s u r v i v a l  o f  o f f s p r i n g  f o r  4  d a y s .  
T h e  p e r c e n t  s u r v i v a l  o f  o f f s p r i n g  f o r  2 1  d a y s  ( w e a n i n g )  s h o w e d  
a  d e c r e a s e  i n  t h e  1 s t  a n d  2 n d  l i t t e r  p u p s  a t  5  p p m ;  a  d e c r e a s e  i n  1 s t  
l i t t e r ,  1 0  p p m  p u p s .  I n  1 s t  a n d  2 n d  l i t t e r  1 5  p p m  a n i m a l s ,  p u p s  d i d  
n o t  s u r v i v e .  
L a c t a t i o n  i n d e x  
T h e  l a c t a t i o n  i n d e x  w a s  d e p r e s s e d  i n  p u p s  o f  t h e  1 s t  a n d  2 n d  
l i t t e r s  e x p o s e d  t o  5  p p m  m i  r e x ,  i n  1 s t  l i t t e r  p u p s  e x p o s e d  t o  1 0  p p m ,  
a n d  1 s t  a n d  2 n d  l i t t e r  p u p s  e x p o s e d  t o  1 5  p p m .  
Percent mortal i ty of pups 
T h e r e  w a s  a  p r o g r e s s i v e  i n c r e a s e  i n  t h e  m o r t a l i t y  r a t e  o f  p u p s  
b o r n  t o  d a m s  t r e a t e d  w i t h  S, 1 0  a n d  1 5  p p m  m i  r e x .  
T h e r e  a r e  s o m e  i n d i c a t i o n s  t h a t  i n  t h e  s i n g l e  g e n e r a t i o n ,  9 0  d a y  
e x p o s u r e  s t u d y ,  m i  r e x  r e s i d u e  l e v e l s  m a y  h a v e  b e e n  e l i m i n a t e d  t o  t h e  
p o i n t  t h a t  r e p r o d u c t i v e  s u c c e s s  w a s  p o s s i b l e  i n  s o m e  p a r a m e t e r s .  
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Study 2 :  Single Generation, Continuous Exposure Study 
Adult mortal i ty 
A n i m a l s  e x p o s e d  c o n t i n u o u s l y  t o  m i  r e x  l e v e l s  o f  5  p p m  s h o w e d  a n  
i n c r e a s e d  m o r t a l i t y  r a t e .  
Percentage of mated pairs producing l i t ters each generation 
T h e  p e r c e n t a g e  o f  M .  o c h r o g a s t e r  m a t e d  p a i r s  p r o d u c i n g  l i t t e r s  
w a s  r e d u c e d  i n  t h e  1 s t ,  2 n d  a n d  3 r d  l i t t e r s  o f  a n i m a l s  e x p o s e d  t o  0 . 7  
p p m ,  i n  t h e  1 s t ,  2 n d  a n d  3 r d  l i t t e r s  o f  1  p p m  a n i m a l s ,  a n d  t h e  1 s t ,  
2 n d  a n d  3 r d  l i t t e r s  o f  5  p p m  a n i m a l s .  T h e r e  w e r e  n o  4 t h  l i t t e r s  
p r o d u c e d  a t  t h e s e  t r e a t m e n t  l e v e l s .  
N u m b e r  o f  d a y s  f r o m  p a i r i n g  o f  m a l e  a n d  f e m a l e  t o  b i r t h  o f  s u c c e s s i v e  
1 i  t t e r s  
T h e  d a y s  t o  t h e  b i r t h  o f  s u c c e s s i v e  l i t t e r s  s h o w e d  a n  a p p a r e n t  
d e c r e a s e  i n  M .  o c h r o g a s t e r  e x p o s e d  t o  0 . 1 ,  0 . 7  a n d  1  p p m  m i  r e x .  A  
p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  o c c u r r e n c e  i s  d u e  t o  t h e  f a c t  t h a t  t h o s e  
a n i m a l s  r e p r o d u c i n g  i n  t h e  3 r d  l i t t e r  p r o b a b l y  r e p r o d u c e d  e a r l y  i n  t h e  
2 n d  r e p r o d u c t i v e  p e r i o d  a n d  t h o s e  a n i m a l s  r e p r o d u c i n g  l a t e r  i n  t h e  2 n d  
g e n e r a t i o n  d i d  n o t  r e p r o d u c e  i n  t h e  3 r d  p e r i o d .  
N u m b e r  o f  d a y s  b e t w e e n  c o n s e c u t i v e  l i t t e r s  
N o  a p p a r e n t  e f f e c t s  w e r e  p r o d u c e d  o n  t h e  n u m b e r  o f  d a y s  b e t w e e n  
l i t t e r s  i n  M .  o c h r o g a s t e r  e x p o s e d  t o  m i  r e x  a t  0 . 1 ,  0 . 5 ,  0 . 7  a n d  1  p p m .  
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Number of offspring per l i t ter 
N o  a p p a r e n t  e f f e c t s  w e r e  p r o d u c e d  o n  t h e  n u m b e r  o f  o f f s p r i n g  
p r o d u c e d  p e r  l i t t e r  i n  M .  o c h r o g a s t e r  e x p o s e d  t o  m i  r e x  a t  0 . 1 ,  0 . 5 ,  
0 . 7  a n d  1  p p m .  
Mean number of l i t ters produced per group 
A n i m a l s  e x p o s e d  c o n t i n u o u s l y  a t  m i  r e x  l e v e l s  o f  0 . 5 ,  0 . 7  a n d  1  p p m  
s h o w e d  a  d e c r e a s e  i n  t h e  n u m b e r  o f  l i t t e r s  b e i n g  p r o d u c e d .  
Number of offspring per group 
A n i m a l s  e x p o s e d  t o  m i  r e x  c o n c e n t r a t i o n s  o f  0 . 7  a n d  1  p p m  c o n t i n u o u s l y  
s h o w e d  a  d e c r e a s e  i n  t h e  n u m b e r  o f  o f f s p r i n g  p r o d u c e d  p e r  g r o u p .  
Percentage o f  pups surviving t o  days 4  and 2 1  
T h e  p e r c e n t  s u r v i v a l  o f  h i .  o c h r o g a s t e r  o f f s p r i n g  f o r  4  d a y s  w a s  
d e c r e a s e d  i n  2 n d  l i t t e r  1  p p m  a n d  3 r d  l i t t e r  0 . 7  a n d  1  p p m  a n i m a l s .  
T h e  p e r c e n t  s u r v i v a l  o f  M .  o c h r o g a s t e r  o f f s p r i n g  f o r  2 1  d a y s  w a s  
d e c r e a s e d  i n  3 r d  l i t t e r  0 . 1 ,  0 . 5 ,  0 . 7  a n d  1  p p m  a n i m a l s .  
L a c t a t i o n  i n d e x  
A n i m a l s  e x p o s e d  t o  m i  r e x  c o n t i n u o u s l y  s h o w e d  a  s u p p r e s s i o n  i n  t h e  
l a c t a t i o n  i n d e x  i n  t h e  3 r d  l i t t e r  1  p p m  a n i m a l s .  
Percent mortal i ty of pups 
T h e  p e r c e n t  m o r t a l i t y  o f  p u p s  i s  i n c r e a s e d  i n  p u p s  e x p o s e d  t o  
m i  r e x  l e v e l s  o f  0 . 1 ,  0 . 5 ,  0 . 7  a n d  1  p p m .  
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T h e r e  a r e  s o m e  i n d i c a t i o n s  t h a t  i n  t h e  s i n g l e  g e n e r a t i o n  c o n t i n u o u s  
e x p o s u r e  s t u d y  t h a t  m i  r e x  a c c u m u l a t e d  t o  t h e  e x t e n t  t h a t  i n  l a t e r  g e n ­
e r a t i o n s ,  e f f e c t s  w e r e  p r o d u c e d  o n  s o m e  r e p r o d u c t i v e  p a r a m e t e r s  w h i c h  
w e r e  n o t  s e e n  i n  t h e  e a r l i e r  g e n e r a t i o n s .  
S t u d y  3 :  M u l t i g e n e r a t i o n ,  C o n t i n u o u s - e x p o s u r e ,  
S t u d y ,  R e p r o d u c t i o n ,  1 s t  a n d  2 n d  G e n e r a t i o n  
o c h r o q a s t e r  i n  1 s t  a n d  2 n d  g e n e r a t i o n  a d u l t s  w e r e  n o t  a f f e c t e d  
b y  m i  r e x  e x p o s u r e  l e v e l s  o f  0 . 1  a n d  0 . 5  p p m  i n  t h e  f o l l o w i n g  r e p r o d u c ­
t i v e  p a r a m e t e r s ;  t h e  p e r c e n t a g e  o f  a n i m a l s  p r o d u c i n g  l i t t e r s ,  d a y s  t o  
t h e  b i r t h  o f  1 s t  l i t t e r  a n d  n u m b e r  o f  o f f s p r i n g  p r o d u c e d  p e r  g r o u p .  
T h e  p e r c e n t  o f  M .  o c h r o q a s t e r  p u p s  s u r v i v i n g  u n t i l  d a y  4  i n  m u l t i -
g e n e r a t i o n  c o n t i n u o u s  e x p o s u r e  s t u d y  w a s  d e c r e a s e d  i n  2 n d  g e n e r a t i o n  
0 . 5  p p m  a n i m a l s .  T h i s  e f f e c t  w a s  n o t  s h o w n  i n  t h e  1 s t  g e n e r a t i o n  a n i m a l s  
i m p l i c a t i n g  a n  a c c u m u l a t i v e  e f f e c t .  
T h e  p e r c e n t  o f  M .  o c h r o q a s t e r  p u p s  s u r v i v i n g  u n t i l  d a y  2 1  i n  m u l t i -
g e n e r a t i o n  c o n t i n u o u s  e x p o s u r e  s t u d y  w a s  d e c r e a s e d  i n  2 n d  g e n e r a t i o n ,  
0 . 5  p p m  a n i m a l s .  T h i s  e f f e c t  w a s  n o t  s h o w n  i n  t h e  1 s t  g e n e r a t i o n  
a n i m a l s  i m p l i c a t i n g  a n  a c c u m u l a t i v e  e f f e c t .  
T h e  l a c t a t i o n  i n d e x  o f  M .  o c h r o q a s t e r  p u p s  i n  m u l t i g e n e r a t i o n  c o n ­
t i n u o u s  e x p o s u r e  s t u d y  w a s  s u p p r e s s e d  i n  t h e  1 s t  g e n e r a t i o n  0 . 5  p p m  
a n i m a l s .  T h e r e  w a s  a  d e c r e a s e  i n  t h e  2 n d  g e n e r a t i o n  0 . 5  p p m  a n i m a l s ,  
b u t  t h i s  d e c r e a s e  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  o f  t h e  
c o n t r o l s .  
T h e  p e r c e n t  m o r t a l i t y  o f  M .  o c h r o q a s t e r  p u p s  i n c r e a s e d  i n  1 s t  
a n d  2 n d  g e n e r a t i o n  p u p s  e x p o s e d  t o  0 . 5  p p m  m i  r e x .  
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I n  t h e  m u l t i g e n e r a t i o n  s t u d y ,  s o m e  e f f e c t s  o c c u r r e d  i n  t h e  2 n d  
g e n e r a t i o n  w h i c h  d i d  n o t  o c c u r  i n  t h e  1 s t .  T h e s e  i n d i c a t i o n s  l e a d  t o  
s p e c u l a t i o n  t h a t  t h e s e  e f f e c t s  w e r e  p r o d u c e d  a s  a  r e s u l t  o f  c o n t i n u e d  
e x p o s u r e  t h r o u g h  t w o  g e n e r a t i o n s  a t  s u b l e t h a l  l e v e l s .  
The sublethal levels used in the mult igenerations study appeared 
not to effect the reproductive parameters in adults associated with 
this study. On the other hand, reproductive success associated with 
pups was altered. 
S t u d y  3 :  M u l t i g e n e r a t i o n .  C o n t i n u o u s  E x p o s u r e  
S t u d y ,  B e h a v i o r ,  1 s t  G e n e r a t i o n  
M i  r e x  e x p o s u r e  a t  l e v e l s  o f  0 . 1  a n d  0 . 5  p p m  i n  1 s t  g e n e r a t i o n  M .  
o c h r o g a s t e r  p u p s  a n d  m a t e r n a l  a d u l t s  p r o d u c e d  n o  a p p a r e n t  e f f e c t s  w i t h  
r e g a r d  t o  t h e  f o l l o w i n g  b e h a v i o r a l  t e s t :  r i g h t i n g  r e f l e x ,  f o r e l i m b  
p l a c i n g ,  p o s t u r a l  f l e x i o n  a n d  e x t e n s i o n ,  n o r m a l  p o s t u r e ,  f o r e -  a n d  
h i n d l i m b - g r a s p - r e f l e x ,  s w i m m i n g ,  s t r a i g h t - l i n e  w a l k i n g ,  r o o t i n g ,  v i s u a l  
p l a c i n g ,  c l i f f - d r o p  a v e r s i o n ,  l a t e n c y - t o - r e t r i e v e  a n d  d e f e n s e - o f - y o u n g .  
M i  r e x  e x p o s u r e  a t  l e v e l s  o f  0 . 1  a n d  0 . 5  p p m  i n  1 s t  g e n e r a t i o n  M .  
o c h r o g a s t e r  p u p s  d e l a y e d  m a t u r a t i o n  a n d  i n c r e a s e d  t h e  d a y s  t o  s t r o n g  
r e s p o n s e  i n  t h e  f o l l o w i n g  t e s t s ;  h i n d l i m b  p l a c i n g ,  n e g a t i v e  g e o t a x i s ,  
a n d  b a r - h o l d i n g  a b i l i t y .  
M i  r e x  e x p o s u r e  a t  l e v e l s  o f  0 . 5  p p m  i n  1 s t  g e n e r a t i o n  M .  o c h r o g a s t e r  
p u p s  d e l a y e d  m a t u r a t i o n  a n d  i n c r e a s e d  t h e  d a y s  t o  s t r o n g  r e s p o n s e  i n  
t h e  f o l l o w i n g  t e s t :  v i b r i s s a e  p l a c i n g ,  e y e  o p e n i n g  a n d  a u d i t o r y  s t a r t l e .  
M i  r e x  e x p o s u r e  a t  l e v e l s  o f  0 . 1  a n d  0 . 5  p p m  i n  2 n d  g e n e r a t i o n  M .  
o c h r o g a s t e r  p u p s  a n d  m a t e r n a l  a d u l t s  p r o d u c e d  n o  a p p a r e n t  e f f e c t  i n  t h e  
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f o l l o w i n g  t e s t s :  r i g h t i n g  r e f l e x ,  f o r e -  a n d  h i n d l i m b  p l a c i n g ,  p o s t u r a l  
f l e x i o n  a n d  e x t e n s i o n ,  n o r m a l  p o s t u r e ,  f o r e -  a n d  h i n d l i m b - g r a s p - r e f l e x ,  
s w i m m i n g ,  s t r a i g h t - l i n e  w a l k i n g ,  r o o t i n g ,  v i b r i s s a e  p l a c i n g ,  v i s u a l  
p l a c i n g ,  n e g a t i v e  g e o t a x i s ,  b a r - h o l d i n g  a b i l i t y ,  e y e  o p e n i n g ,  a u d i t o r y  
s t a r t l e ,  l a t e n c y - t o - r e t r i e v e  a n d  d e f e n s e - o f - y o u n g .  
M i  r e x  e x p o s u r e  o f  0 . 1  a n d  0 . 5  p p m  i n  2 n d  g e n e r a t i o n  M .  o c h r o g a s t e r  
p u p s  a n d  m a t e r n a l  a d u l t s  r e s u l t e d  i n  d e c r e a s e  i n  t h e  n u m b e r  o f  p u p s  
m a k i n g  t h e  c o r r e c t  r e s p o n s e  i n  t h e  c l i f f - d r o p  a v e r s i o n  t e s t  o n  d a y  1 2  
a t  0 . 1  p p m ,  o n  d a y  l 4  a t  0 . 1  a n d  0 . 5  p p m ,  o n  d a y  1 6  a t  0 . 1  p p m ,  o n  
d a y  1 8  a t  0 , 1  a n d  0 . 5  p p m  a n d  d a y  2 0  a t  0 . 5  p p m .  
M i  r e x  e x p o s u r e  a t  0 . 1  a n d  0 . 5  p p m  i n  2 n d  g e n e r a t i o n  M .  o c h r o g a s t e r  
p u p s  a n d  m a t e r n a l  a d u l t s  r e s u l t e d  i n  a  d e c r e a s e  i n  t h e  n u m b e r  o f  a n i ­
m a l s  r e a c h i n g  s t r o n g  r e s p o n s e  i n  t h e  f o l l o w i n g  t e s t s ;  h i n d l i m b  p l a c i n g ,  
n o r m a l  p o s t u r e ,  s t r a i g h t - l i n e  w a l k i n g ,  v i b r i s s a e  p l a c i n g ,  v i s u a l  p l a c i n g ,  
n e g a t i v e  g e o t a x i s ,  b a r - h o l d i n g  a b i l i t y  a n d  a u d i t o r y  s t a r t l e .  
M i  r e x  e x p o s u r e  a t  l e v e l s  o f  0 . 5  p p m  i n  2 n d  g e n e r a t i o n  M .  o c h r o g a s t e r  
p u p s  r e s u l t e d  i n  n o  p u p s  r e a c h i n g  s t r o n g  r e s p o n s e  i n  r i g h t i n g  a n d  s w i m ­
m i n g ,  B e c a u s e  t h e  v a r i a t i o n  w a s  t h e  s a m e  i n  e a c h  t r e a t m e n t  g r o u p  n o  
s t a t i s t i c a l  c o m p a r i s o n  w a s  p o s s i b l e .  
M i  r e x  e x p o s u r e  a t  0 , 1  a n d  0 , 5  p p m  i n  2 n d  g e n e r a t i o n  M .  o c h r o g a s t e r  
p u p s  a n d  m a t e r n a l  a d u l t s  p r o d u c e d  n o  a p p a r e n t  e f f e c t  o n  t h e  f o l l o w i n g  
t e s t s :  f o r e l i m b  p l a c i n g ,  p o s t u r a l  e x t e n s i o n  a n d  f l e x i o n ,  f o r e -  a n d  
h i n d l i m b - g r a s p - r e f l e x ,  r o o t i n g ,  e y e  o p e n i n g ,  l a t e n c y - t o - r e t r i e v e  a n d  
d e f e n s e - o f - y o u n g .  
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M i  r e x  r e s i d u e s  i n  w h o l e  b o d y  t i s s u e  o f  M .  o c h r o g a s t e r  a d u l t s  
s h o w e d  a  c o r r e l a t i o n  b e t w e e n  l e v e l  o f  m i  r e x  i n  t h e  d i e t ,  a n d  t h e  
c o r r e s p o n d i n g  l e v e l  i n  t i s s u e  r e s i d u e s  i n  t h e  s i n g l e  g e n e r a t i o n ,  9 0 -
d a y  e x p o s u r e  s t u d y ,  s i n g l e  g e n e r a t i o n ,  c o n t i n u o u s  e x p o s u r e  s t u d y  a n d  
m u l t i g e n e r a t i o n  c o n t i n u o u s  e x p o s u r e  s t u d y .  
T h e  l e v e l s  f o u n d  i n  v o l e  t i s s u e  o f  t h e  s i n g l e  g e n e r a t i o n ,  9 0 - d a y  
e x p o s u r e  s t u d y  i n d i c a t e d  t h a t  m i  r e x  i s  i n d e e d  p e r s i s t e n t .  E v e n  a f t e r  
b e i n g  o f f  t h e  d i e t  f o r  4  m o n t h s  d e t e c t a b l e  l e v e l s  o f  m i  r e x  w e r e  s t i l l  
f o u n d  i n  w h o l e - b o d y  t i s s u e .  
T h e  l e v e l  o f  m i  r e x  f o u n d  i n  w h o l e - b o d y  t i s s u e  o f  M .  o c h r o g a s t e r  
s i n g l e  g e n e r a t i o n ,  c o n t i n u o u s - e x p o s u r e  s t u d y  s h o w e d  a n  a c c u m u l a t i v e  
e f f e c t .  T h e  a m o u n t  o f  m i  r e x  f o u n d  i n  t h e  t i s s u e  w a s  f a r  a b o v e  t h e  l e v e l  
i n  t h e  o r i g i n a l  m i  r e x  d i e t .  
M i  r e x  l e v e l s  i n  t h e  p a r e n t ,  1 s t  a n d  2 n d  g e n e r a t i o n  s t u d y  a l s o  
s h o w e d  a c c u m u l a t i o n  i n  t h e  t i s s u e  o v e r  t h a t  f o u n d  i n  t h e  d i e t .  T h e r e  
w a s  n o  a p p a r e n t  i n d i c a t i o n  o f  a  p r o g r e s s i v e  b u i l d  u p  o f  m i  r e x  f r o m  
g e n e r a t i o n  t o  g e n e r a t i o n .  
T h e s e  r e s u l t s  i n d i c a t e  t h a t  m i  r e x  i s  h a r m f u l  t o  t h e  r e p r o d u c t i v e  
p e r f o r m a n c e  and  b e h a v i o r a l  d e v e l o p m e n t  o f  M .  o c h r o g a s t e r  a t  h i g h  l e v e l s  
a n d  a t  l e v e l s  a p p r o a c h i n g  t h o s e  f o u n d  i n  t h e  e n v i r o n m e n t .  B e c a u s e  o f  
i t s  p e r s i s t a n c e  a n d  r e s i s t a n c e  t o  d e g r a d a t i o n ,  t h e  c o n t i n u e d  u s e  o f  
r e p e a t e d  a p p l i c a t i o n  o f  m i  r e x  a t  1 . 7  g m / a c r e ,  c o u l d  p o s s i b l y  r e s u l t  
i n  d e t r i m e n t a l  e f f e c t s  t o  r e p r o d u c t i v e  a n d  b e h a v i o r a l  e f f o r t s  o f  w i l d ­
l i f e  s p e c i e s .  T h u s ,  t h e r e  i s  a  n e e d  t o  s e r i o u s l y  c o n s i d e r  t h e  p o t e n t i a l .  
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I f  n o t  a c t u a l  e f f e c t s  o f  l o w  l e v e l s  o f  m i  r e x  w h i c h  e x i s t  i n  t h e  
e n v i r o n m e n t  a t  t h i s  t i m e .  
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APPENDIX 
Table Al. Reproductive success in M. ochroqaster controls. Single generation, 90-day 
exposure study 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  1st  l i t ter  Al ive Dead days 2nd l i t ter  Al ive Dead days 

























































































































































Table Al. Continued 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  3rd l i t ter  Al ive Dead days 4 t l i  l i t ter  Al ive Dead days 













































































































Table Al. Continued 
Cage Days to  No.  born No.  a l ive 
No.  5 th  l i t ter  Al ive Dead days 






















4  4 
ro 
Table A2. Reproductive success in M. ochrogaster 1 ppm animais. Single generation, 90-day 
exposure study 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  1st  l i t ter  Al ive Dead days 2nd l i t ter  Al ive Dead days 












































































Table A2. Continued 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  3rd l i t ter  Al ive Dead days 4 th  l i t ter  Al ive Dead days 
4  21 4  21 
2 209 4  0 4  4 
8 180 2 0  2 2 204 10  11 
10 207 3 0  3 3 
11 — — 
12 172 2 0  2 2 204 2 0  2 2 
13 — - -
14 —— —— 
15 ~~ - -
N3 
•v j  ON 
Table A3. Reproductive success in M. ochrogaster 5 ppm animais. Single generation, 90-day 
exposure study 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  1st  l i t ter  Al ive Dead days 2nd l i t ter  Al ive Dead days 
4  21 4  21 
1 142 20  22 166 30  30 
2  1 6 8  3 0  3 0  1 9 0  2 0  2 2  
7 127 3 0 3 1 199 2 0  2 2 
8  — — —— 
10 — - -
11 124 3 0  3 0  147 2 0  2 0  
Table A3. Continued 
Cage Days to  No.  born No.  a l ive 
No.  3rd l i t ter  Al ive Dead days 


























Table A4. Reproductive success in M. ochroqaster 10 ppm animais. Single generation, 90-day 
exposure study 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  1st  l i t ter  Al ive Dead days 2nd l i t ter  Al ive Dead days 
4  21 4  21 
8  — — — 
i  0 — — 
11 131 4  0 3 3 204 10  11 
12 130 3 0  3 0  
13 - -  - -
14 — —-
15 165 10  11 195 3 0  3 3 
NJ 
VD 




Days to  
1st  l i t ter  
No.  
A1 i  ve 
born 
Dead 
No.  a l ive 
days 
k  2 1  
Days to  
2nd 1 i t ter  
No.  born 
Al  ive Dead 
No.  a l ive 
days 

























Days to  





No.  a l ive 
days 
4  21 
Days to  
2nd l i t ter  
No.  
A1 i  ve 
born 
Dead 
No.  a l i \  
days 
4  21 
1 65 1 0  1 1 84 3 0  3 3 
2 32 2 0  2 2 76 4  0 4  4  
3 57 3 0  3 3 84 4 0 4  4  
k 62 2 0  2 2 84 1 0  1 1 
5  56 3 0  3 3 79 4  0 4  3 
6  78 3 0  3 3  102 5 0  5 5  
7  50 3 0  3 3 105 5 0  5 5  
8  65 2 0 2 2 91 1 0  1 1 
9  76 5 0  5 5 — — 
10 66 3 0  3 3 107 5 0  5 4  
Table A6. Continued 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  3rd l i t ter  Al ive Dead days 4 th l i t ter  Al ive Dead days 
4  21 4  21 
1 132 4 0 4  4 — 
2 122 4  0 4  4 
4 107 2 0  2  2 129 10  11 
5 119 6 0 6  6 
6 123 4  0 4  4 
8 115 10  11 




Table A7. Reproductive success in M. ochrogaster 0.1 ppm animais. Single generation, 
continuous-exposure study 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  1st  l i t ter  Al ive Dead days 2nd l i t ter  Al ive Dead days 
4  21 4  21 
1 67 30  33 109 50  53 
2 101 5 0  5 5  122 10  10 
4 54 3 0  3 3 78 10  11 
5 74 30  33 96 40  44 
6 76 4  0 4  4  97 4  0 4  4  
7  5 8  2 0  2 2  8 0  3 0  3 3  
8 48 10  11 76 10  11 
9 48 11  00 71 30  33 
10 62 50  55 85 40  44 
Table A7. Continued 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  3rd l i t ter  Al ive Dead days 4 th  l i t ter  Al ive Dead days 
4  21 4  21 
1 132 2 0  2 2 
2 
3 
4  101 2  0  2 1 122 3 0  3 3 
5 122 5 0  5 5  --
6 119 4  0 4  4 — — 
7 105 1 0  1 1 126 3 0  3 3 
8  97 2 0  2 2  - — 
9 112 4  0 4  1 — -
10 108 5 0  5 5 mm wm 
Table A8. Reproductive success in M. ochrogaster 0.5 ppm animais. Single generation, 
continuous-exposure study 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  1st  l i t ter  Al ive Dead days 2nd l i t ter  Al ive Dead days 
4  21 4  21 
1 78 50  5 4 122 30  33 
2 71 40  44 92 30 33 
3 62 30  31 84 40  44 
5 57 50  53 110 50  51 
6 62 30  33 85 40  44 
7 85 5 0 5 5 126 4  0 4  4 
8 81  2  1 2  2  
9 77 5 0  5 5 122 5  0  5 5  
10 57 30  30 79 31  33 
Table A8. Continued 
Cage Days to  No.  born No.  a l ive 
No.  3rd l i t ter  Al ive Dead days 
4  21 
2  116  3  0  3  2  
3 116 5 0 5 5 
4  
5 








Table A9. Reproductive success in M. ochroqaster 0.7 ppm animais. Single generation, 
continuous-exposure study 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  1st  l i t ter  Al ive Dead days 2nd l i t ter  .  A l ive Dead days 
4  21 4  21 
1 56 10  11 78 10  11 






8  53  2  0  2  1  
9 84 4  0 4  4 
Table A9. Continued 
Cage Days to  No.  born No.  a l ive 
No.  3rd l i t ter  Al ive Dead days 
4  21 
1  101  












Table AlO. Reproductive success in M. ochroqaster 1 ppm animals. Single generation, 
continuous-exposure study 
Cage Days to  No.  born No.  a l ive Days to  No.  born No.  a l ive 
No.  1 St  1 i  t ter  A1 i  ve Dead days 2nd l i t ter  A1 i  ve Dean days 
4  21 4  21 
1 
2  
-  - - -
3 52 2 0  2 2 77 2 0  2 2 
4  --
5 -  - - -
6 65 1 0  0  0 — — 
7 — — 
8 50 2 0  2 2  76 2 0  2 2 
9  52 3 0  3 3 75 4  0 0  0 
10 -  - — — 
\ 
Table A10. Continued 
Cage Days to  No.  born No.  a l ive 















Table A l l .  Reproduct ive success in  M. ochrogaster  cont ro ls .  
Mul t igenerat ion,  cont inuous-exposure s tudy;  1st  
generat ion 
Cage Days to  No.  born No.  a l ive days 
No.  1st  l i t ter  Al ive Dead 4  21 
1 65 1 0  1 1 
2  32 2  0  2 2 
3 57 3 0  3 3 
k 62 2 0  2 2 
5 56 3 0  3 3 
6  78 3 0  3 3 
7  50 3 0  3 3 
8  65 2 0  2 2 
9  76 5 0  5 5 











1 0  
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Reproductive success in M. ochroqaster 0.1 ppm animals. 
Mult igeneration, continuous-exposure study; 1st 
generation 
Days to  No.  born No.  a l ive days 
1st  l i t ter  Al ive Dead 4  21 
67 3 0  3 3 
101 5 0 5 5 
54 3 0  3 3 
74 3 0  3 3 
76 4  0 4  4 
58 2 0 2 2 
48 10  11 
48 11  0 0 
62 5 0  5 5 
293 
Table Al 3. Reproductive success in M. ochrogaster 0.5 ppm animais. 
Mult igénérât ion, continuous-exposure study; 1st 
generation 
Cage Days to  No.  born No.  a l ive days 
No.  1st  l i t ter  Al ive Dead 4  21 
1 78 5 0  5 1 
2  71 ko  4 4 
3 62 3 0  3 1 
4  
5 57 5 0  5 5  
6 62 3 0 3 3 
7 85 5 0  5 5 
8 81  3  1 2  2  
9 77 5 0 5 5 













1 0  
294 
Reproductive success in M. ochrogaster controls. 
Mult igeneration, continuous-exposure study; 2nd 
generation 
i  to  No.  born No.  a l ive i  
1  i  t ter  Al  ive Dead 4  21 
60 5 0  5 5 
52 3 0  3 3 
53 3 0  3 3 
54 2 0 2 2 
61 2 0 2  2 
52 3 0  3 3 
52 6  0 6  6 
57 3 0  3 3 
52 4  0 4  4 
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Table A15.  Reproduct ive success in  M. ochrogaster  0 .1  ppm animals .  
Mul t igenerat ion,  cont inuous-exposure s tudy;  2nd 
generat ion 
Cage Days to  No.  born No.  a l ive days 
No.  1st  l i t ter  Al ive Dead 4  21 
1 52 3 0  3 3 
2  54 10  11 
3 55 3 0  3 3 
4  60 4  0 3 2 
5 54 3 0  3 3 
6 
7 52 3 0  3 3 
8 
9 54 3 0  0 0 
10 60 3 1 2  2 
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Table A l6,  Reproduct ive success in  M. ochroqaster  0 .5  ppm animals .  
Mul t igenerat ion,  cont inuous-exposure s tudy;  2nd 
(genera l  ion 
Cage Days to  No.  born No.  a l ive days 
No.  1st  l i t ter  Al ive Dead 4  21 
1 
2 
3 54 3 0  2 0  
4  6 0  , 2  0  2  2  
5 
6  52 3 0  2 2 
7  52 3 0  0 0 
8  53 2 0  GO 
9 53 3 0  3 3 
10 60 3 0 2 2 
297 
Table A17. Behavioral development of M. ochrogaster pups and 
maternal adults (controls); 1st generation 
Response control 
1st generation 1 2 3 4 5 6 7 8 9 
Righting reflex 0/0® 0/0 1/40 1/100 5/10 5/10 5/100 9/50 9/90 
Fore!imb placing 0/0 0/0 1/20 1/60 5/30 5/50 9/30 9/60 9/70 
Hindiimb placing 0/0 0/0 0/0 1/30 5/10 5/30 5/40 5/80 9/30 
Postural flexion 9/100 9/100 9/100 9/100 9/60 9/10 5/40 5/20 5/10 
Postural 
extension 0/0 0/0 0/0 0/0 1/30 1/40 1/60 5/70 9/40 
Normal posture 0/0 0/0 0/0 0/0 1/40 1/60 5/20 5/50 5/100 
ForeIimb-grasp-
refl ex 0/0 0/0 1/70 1/70 5/30 5/50 5/90 9/30 9/70 
Hindiimb-grasp-
refl ex 0/0 0/0 0/0 0/0 1/20 1/60 1/80 5/30 5/50 
Swimming I/I 00 1/100 l/lOO 
Strai ght-1i ne 
walki ng 0/0 0/0 0/0 1/20 1/40 1/70 5/40 5/60 5/90 
Rooti ng 9/100 9/100 9/100 9/100 9/100 9/100 5/10 5/70 5/100 
Vibrissae placing 0/0 0/0 0/0 1/20 1/90 5/30 5/60 9/40 9/40 
Visual placing 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/10 1/50 
Negat i  ve 
geotropism 0/0 0/0 0/0 0/0 0/0 1/10 1/40 5/30 5/70 
Bar-holdi ng 
ab i I i ty 0/0 0/0 1/30 5/30 5/60 9/10 9/40 9/80 9/80 
CIi ff-drop 
aversion 
Eye opening 0/0 0/0 0/0 0/0 0/0 0/0 1/40 1/70 5/50 
Audi tory startle 0/0 0/0 0/0 0/0 1/10 1/40 5/50 5/80 9/40 
Retrieval 9/100 9/100 9/100 9/100 9/100 9/100 9/90 9/40 9/10 
Defense-of-young 9/100 9/100 9/100 9/100 9/100 9/100 9/30 5/90 5/50 
^Numerator = strength of response; denominator = percentage of . 
voles making response. 
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Table Al7. Continued 
10 11 12 13 14 15 16 17 18 19 20 21 
9/100 
9/90 9/100 
9/60 9/70 9/100 
1/20 1/10 0/0 
9/50 9/90 9/100 
9/20 9/50 9/80 9/100 
9/90 9/90 9/100 
5/70 5/100 
5/100 9/100 
9/50 9/80 9/90 9/100 
5/30 1/50 1/20 0/0 
9/70 9/90 9/100 
1/80 5/60 5/90 9/60 9/100 
9/50 9/70 9/90 9/100 
9/90 9/100 
9/70 9/70 9/90 9/90 9/90 
5/100 9/70 9/100 
9/70 9/90 9/100 
5/40 5/10 1/30 0/0 
5/10 1/40 0/0 
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Table Al8. Behavioral development of M. ochrogaster pups and 
maternal adults (0.1 ppm); 1st generation 
Response û,i ppm 
1st generation 1 2 3 4 5 6 7 8 9 
Righting reflex 0/0® 0/0 0/0 1/70 1/100 5/40 5/100 5/100 9/10 
Forelimb placing 0/0 0/0 1/30 1/50 5/60 5/60 5/70 9/30 9/60 
Hindlimb piacing 0/0 0/0 0/0 1/20 1/20 1/50 5/30 5/80 5/80 
Postural flexion 9/100 9/100 9/100 9/100 9/60 9/30 5/60 5/40 1/60 
Postural 
extension 0/0 0/0 0/0 0/0 1/30 1/60 5/40 5/50 9/30 
Normal posture 0/0 0/0 0/0 0/0 1/10 1/70 5/30 5/70 5/70 
Forelimb-grasp-
reflex 0/0 0/0 1/40 1/100 5/40 5/40 9/40 9/50 9/60 
Hindiimb-grasp-
ref1 ex 0/0 0/0 0/0 0/0 1/20 1/40 1/60 1/100 5/50 
Swimmi ng 1/100 1/100 5/100 
St rai ght-1i ne 
walking 0/0 0/0 0/0 0/0 0/0 1/50 1/100 5/70 5/90 
Rooting 9/100 9/100 9/100 9/100 9/100 9/80 9/50 9/30 5/70 
Vibrissae placing 0/0 0/0 1/10 1/20 1/80 5/60 5/90 9/30 9/60 
Visual placing 0/0 0/0 0/0 0/0 0/0 0/0 1/20 1/60 5/20 
Negat i  ve 
geotropi sm 0/0 0/0 0/0 0/0 0/0 1/10 1/60 1/80 5/10 
Bar-holding 
ability 0/0 0/0 0/0 1/20 1/40 1/50 5/40 5/80 9/60 
CIi ff-drop 
avers i  on 
Eye opening 0/0 0/0 0/0 0/0 0/0 0/0 1/50 1/100 5/90 
Auditory startle 0/0 0/0 0/0 0/0 1/20 1/70 1/70 5/30 5/70 
Retrieval 9/100 9/100 9/100 9/100 9/100 9/90 9/90 9/20 9/10 
Defense-of-young 9/100 9/100 9/100 9/100 9/100 9/60 9/50 5/90 5/70 
^Numerator = strength of response; denominator = percentage of 
voles making response. 
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Table Al8. Continued 
10 11 12 13 14 15 16 17 18 19 20 21 
9/80 9/100 
9/90 9/100 
5/100 9/40 9/70 9/80 9/100 
1/10 1/10 0/0 
9/80 9/90 9/100 
9/10 9/30 9/90 9/100 
9/80 9/100 
5/80 5/80 5/100 
5/100 9/100 
9/10 9/50 9/90 9/100 
5/30 1/50 0/0 
9/100 
5/60 5/80 9/40 9/90 9/100 
5/90 9/20 9/60 9/100 
9/60 9/80 9/100 
9/60 9/90 9/80 9/90 9/90 
9/20 9/70 9/100 
9/20 9/70 9/90 9/100 
5/70 5/20 1/40 0/0 
5/20 1/70 0/0 
301 
Table A19. Behavioral development of M. ochrogaster pups and 
maternal adults (0.5 ppm); 1st generation 
Response 0.5 ppm 
1st generation 1 2 3 4 5 6 7 8 9 
Righting reflex 0/0* 0/0 0/0 1/40 1/100 5/60 5/80 9/40 9/90 
Fore]imb placing 0/0 0/0 1/10 1/70 5/30 5/50 5/80 9/20 9/60 
Hindlimb piacing 0/0 0/0 0/0 0/0 1/20 1/60 5/10 5/50 5/60 
Postural flexion 9/100 9/100 9/100 9/100 9/70 9/30 5/60 5/50 5/20 
Postural 
extens i  on 0/0 0/0 0/0 0/0 1/20 1/50 5/20 5/40 5/45 
Normal posture 0/0 0/0 0/0 0/0 1/20 1/60 1/80 5/20 5/70 
Forelimb-grasp-
ref lex 0/0 0/0 0/0 1/70 1/90 5/70 5/80 9/40 9/50 
HIghlimb-grasp-
ref lex 0/0 0/0 0/0 0/0 0/0 1/40 1/80 1/80 5/30 
Swimmi ng 1/100 1/100 5/100 
Strai ght-1 i  ne 
walki ng 0/0 0/0 0/0 0/0 1/20 l /4o 5/10 5/40 5/90 
Rooting 9/100 9/100 9/100 9/100 9/100 9/100 9/90 9/40 5/70 
Vibri ssae placing 0/0 0/0 0/0 0/0 1/10 1/60 5/30 5/90 5/100 
Visual placing 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/20 1/80 
Negat i  ve 
geot roph i  sm 0/0 0/0 0/0 0/0 1/20 1/30 1/70 5/20 5/60 
Bar-holdi ng 
ability 0/0 0/0 0/0 1/10 1/30 1/80 5/60 9/20 9/80 
CIiff-drop 
avers i on 
Eye opening 0/0 0/0 0/0 0/0 0/0 0/0 1/20 1/50 1/90 
Auditory startle 0/0 0/0 0/0 0/0 0/0 1/30 1/50 1/80 5/50 
Retrieval 9/100 9/100 9/100 9/100 9/70 9/60 9/10 9/30 5/90 
Defense-of-young 9/100 9/100 9/100 9/100 9/80 5/90 5/90 5/60 5/20 
^Numerator = strength of response; denominator = percentage of 
voles making response. 
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Table AI9. Continued 
10 11 12 13 14 15 16 17 18 19 20 21 
9/100 
9/90 9/100 
9/20 9/40 9/80 9/100 
1/60 1/20 0/0 
9/30 9/70 9/100 
9/20 9/60 9/70 9/100 
9/70 9/100 
5/70 5/80 5/100 5/100 
5/100 9/100 
9/20 9/60 9/90 9/100 
5/20 1/80 1/30 0/0 
9/60 9/70 9/80 9/90 9/100 
1/90 5/40 9/20 9/50 9/70 9/100 
5/80 9/60 9/80 9/100 
9/90 9/100 
9/50 9/70 
5/70 5/70 9/70 9/100 
5/80 5/90 9/80 9/80 9/100 
5/30 1/50 1/20 0/0 
1/90 1/20 0/0 
9/60 9/80 9/80 
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Table A20. Behavioral development of M. ochrogaster pups and 
maternal adults (controls); 2nd generation 
Response control 
2nd generation 1 2 3 4 5 6 7 8 9 
Righting reflex 
a 
0/0 0/0 1/50 1/60 5/30 5/30 5/30 5/60 5/90 
Forelimb placing 0/0 0/0 1/40 1/50 5/10 5/50 5/50 5/80 5/90 
Hindlimb piacing 0/0 0/0 1/30 1/60 5/50 5/50 5/50 5/80 5/90 
Postural flexion 9/100 9/100 9/100 9/100 9/100 9/100 9/30 9/20 5/40 
Postural 
extension 0/0 0/0 0/0 0/0 0/0 0/0 1/60 5/20 5/70 
Normal posutre 0/0 0/0 0/0 0/0 0/0 0/0 1/30 1/30 5/20 
Forelimb-grasp-
reflex 1/10 1/10 1/80 5/40 5/60 5/80 5/100 9/40 9/70 
Hindiimb-grasp-
reflex 0/0 0/0 0/0 1/10 1/40 1/70 1/70 5/20 5/70 
Swimmi ng 1/100 1/100 5/100 
Strai ght-1i ne 
walki ng 0/0 0/0 0/0 0/0 0/0 1/20 1/30 1/70 5/10 
Rooting 9/100 9/100 9/100 9/100 9/100 9/70 9/80 9/60 5/70 
Vibrissae placing 0/0 0/0 0/0 1/10 1/40 1/60 5/10 5/20 9/20 
Visual placing 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/60 
Negat i  ve 
geotropism 0/0 0/0 0/0 0/0 0/0 0/0 1/30 1/30 5/20 
Bar-holdi ng 
ability 0/0 0/0 1/10 1/20 5/10 5/10 5/10 5/40 9/20 
CIi ff-drop 
aversion 
Eye opening 0/0 0/0 0/0 0/0 0/0 1/10 1/20 1/60 5/30 
Auditory startle 0/0 0/0 0/0 0/0 0/0 0/0 1/20 5/20 5/30 
Retrieval 9/100 9/100 9/100 9/100 9/100 9/100 9/60 9/30 5/90 
Defense-of-young 9/100 9/100 9/100 9/100 9/100 9/50 5/80 5/70 5/10 
^Numerator = strength of response; denominator = percentage of 
voles making response. 
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Table A20. Continued 
10 11 12 13 14 15 16 17 18 19 20 21 
9/20 9/80 9/100 
9/40 9/70 9/100 
9/40 9/70 9/70 9/80 9/80 
1/30 0/0 
9/60 9/100 
5/90 5/100 9/70 9/100 
9/80 9/100 
5/80 5/90 5/100 
5/100 
5/70 5/100 9/70 1/100 
1/30 0/0 
9/20 9/90 9/100 
5/40 5/70 9/30 9/70 9/80 
5/60 9/20 9/60 9/100 
9/30 9/70 9/100 
9/70 9/80 
5/50 9/20 9/90 9/100 
5/30 5/60 9/50 9/90 9/100 
5/50 1/60 0/0 
1/80 0/0 
9/100 
9/70 9/90 9/80 
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Table A21. Behavioral development of M. ochrogaster pups and 
maternal adults (0.1 ppm); 2nd generation 
Response 0.1 ppm 
2nd generation 1 2 3 4 5 6 7 8 9 
Righting reflex 
a 
0/0 0/0 1/20 1/50 1/60 1/80 5/30 5/50 9/10 
Forelimb piacing 0/0 0/0 ;/4o 1/50 5/20 5/20 5/20 5/80 5/90 
Hindiimb piaci ng 0/0 0/0 0/0 0/0 1/20 1/20 1/40 5/20 5/40 
Postural flexion 9/100 9/100 9/100 9/100 9/100 9/100 9/100 9/40 9/20 
Postural 
extension 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/50 1/80 
Normal posture 0/0 0/0 0/0 0/0 0/0 0/0 1/10 1/20 1/60 
Forelimb-grasp-
ref1 ex 0/0 1/10 1/10 1/50 5/30 5/40 9/20 9/50 9/80 
Hindiimb-grasp-
ref1 ex 0/0 0/0 0/0 0/0 0/0 1/20 1/40 1/70 5/20 
Swimmi ng 1/100 1/100 5/100 
Strai ght -1 i  ne 
walki ng 0/0 0/0 0/0 0/0 0/0 0/0 1/30 1/40 5/10 







Vibrissae placing 0/0 0/0 0/0 0/0 1/20 1/20 1/50 1/60 5/50 
Visual placing 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/80 
Negative 
geotropi sm 0/0 0/0 0/0 0/0 0/0 0/0 1/30 1/60 5/40 
Bar-holding 
ability 0/0 0/0 0/0 0/0 0/0 0/0 1/60 1/60 5/40 
CIi ff-drop 
aversion 
Eye opening 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/50 1/100 
Auditory startle 0/0 0/0 0/0 0/0 0/0 0/0 1/30 1/90 5/70 
Retrieval 9/100 9/100 9/100 9/100 9/100 9/100 9/60 9/60 5/80 
Defense-of-young 9/100 9/100 9/100 9/100 9/100 9/70 9/30 9/20 5/40 
^Numerator = strength of response; denominator = percentage of 
voles making response. 
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Table A21. Continued 
1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  
9/50 9/80 9/80 9/80 9/80 9/100 
9/20 9/30 9/70 9/80 9/80 9/90 9/90 
5/50 9/10 9/50 
9/20 5/20 1/20 0/0 
5/70 5/80 9/80 9/100 
5/80 9/40 9/70 9/80 
5/50 5/80 
5/100 
5/80 9/50 9/80 
1/50 0/0 
9/50 9/80 
5/50 9/50 9/70 9/70 9/70 
9/40 9/40 9/50 9/70 9/70 
9/30 9/50 9/50 9/70 9/80 
9/40 9/60 
5/80 9/90 9/90 9/100 
9/50 9/50 9/80 9/90 9/100 
5/40 5/10 1/20 0/0 
5/10 1/20 0/0 
9/100 
9/70 9/70 9/80 
9/80 
9/80 9/80 9/70 
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Table A22. Behavioral development of M. ochrogaster pups and 
maternal adults (0.5 ppm); 2nd generation 
Response 0.5 ppm 
2nd generation 1 2 3 4 5 6 7 8 9 
Righting reflex 
a 
0/0 0/0 1/20 1/20 1/20 1/60 1/80 5/30 5/30 
Forelimb piacing 0/0 0/0 1/20 1/20 1/20 1/60 5/30 5/60 5/80 
Hindlimb placing 0/0 0/0 0/0 0/0 0/0 0/0 1/60 1/60 5/60 
Postural flexion 9/100 9/100 9/100 9/100 9/100 9/100 9/70 9/40 9/20 
Postural 
extension 0/0 0/0 0/0 0/0 0/0 0/0 1/30 5/30 5/60 
Normal posture 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/10 
Forelimb-grasp -
reflex 0/0 0/0 1/20 1/20 1/80 5/60 5/60 5/80 9/40 
Hindiimb-grasp-
reflex 0/0 0/0 0/0 0/0 1/60 1/60 1/60 5/20 5/40 
Swimmi ng 1/100 1/100 5/40 
Straight-1i ne 
walking 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/30 
Root i  ng 9/100 9/100 9/100 9/100 9/100 9/100 9/100 9/100 9/40 
Vibrissae piacing 0/0 0/0 0/0 0/0 0/0 0/0 J/20 1/40 5/20 
Visual placing 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/30 
Negat i  ve 
geotropism 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 
Bar-holding 
ability 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/60 
CIiff-drop 
aversion 
Eye opening 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/20 5/30 
Auditory startle 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/20 
Retrieval 9/100 9/100 9/100 9/100 9/100 9/60 9/60 5/80 5/60 
Defense-of-young 9/100 9/100 9/100 9/100 9/100 9/20 5/40 1/60 0/0 
^Numerator = strength of response; denominator = percentage of 
voles making response. 
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Table A22. Continued 
10 11  12  13  14  15  16  17  18  19  20  21  
5/50 5/80 5/80 5/90 
9/60 
5/60 9/20 
5/30 5/10 5/10 0/0 






9/20 5/10 0/0 
9/10 
1/30 5/10 5/20 
1/60 1/6o 
5/40 5/40 5/60 
5/70 7/40 
5/20 9/40 
1 /60 0/0 
9/10 
9/80 
9/30 9/20 9/10 9/30 




No. T1 t2 T3 T4 t5 t6 T7 T8 T9 T10 t i l  TI2 T13 T14 T15 T16 T17 T18 T19 T20 
1 C 10 8 10 7' 9 12 8 9 15 12 11® 10 14 10 8 16 11 12 13® 11 
2 C 8 9 11 9® 9 12 12 11 15 11 12® 8 13 10 8 16 11 9 13® 12 
3 C 8 7 10 9" 9 10 10 9 15 11 11® 9 13 11 8 16 11 11 12= 12 
4 C 9 6 9 8" 11 10 9 11 15 10 10® 9 14 10 7 16 11 10 12® 11 
5 C 8 7 9 9' 10 11 8 10 15 10 12® 8 13 10 7 16 11 11 12= 12 
6 C 11 11 12 9® 11 13 8 9 15 10 12® 12 13 12 10 16 11 10 11® 10 
7 C 9 10 12 12^ 9 12 10 11 15 12 11® 12 13 11 6 16 11 10 11 = 10 
8 c 9 10 12 ir '  9 13 8 8 15 13 13® 9 13 10 10 16 12 12 12= 10 
9 c 8 8 9 f 11 11 10 8 15 10 10® 8 13 10 8 16 12 9 13® 11 
10 c 8 8 10 9^ 12 12 9 10 15 12 13® 11 13 12 7 16 12 9 1.3® 12 
^Denotes decrease in response to 0 and indicates the maximum response in this test. 




No. T1 T2 T3 t4 T5 T6 T7 T8 T9 T10 t i l  T12 T13 T14 T15 T16 T17 T18 T19 T20 
1 0. ppm 11 8 10 10® 10 12 7 9 15 10 12® 10 13 11 9 16 12 11 12® 9 
2 0. ppm 8 8 12 8® 9 11 7 8 15 11 10® 9 12 12 9 16 12 13 12® 12 
3 0. ppm 
4 0. ppm 11 9 13 10® 10 12 7 10 15 11 11® 8 12 12 9 16 11 11 12® 11 
5 0. ppm 10 10 14 9® 9 10 8 10 15 10 12® 9 13 12 11 16 10 10 13® 12 
6 0. ppm 10 9 11 10® 10 12 10 9 15 12 11® 8 12 13 12 16 11 12 13® 12 
7 0. ppm 9 11 14 10® 11 13 9 10 15 13 10® 10 14 11 11 16 11 10 13® 12 
8 0. ppm 10 10 13 11® 10 13 11 12 15 11 12® 10 11 13 12 16 11 I 1 13® 10 
9 0. ppm 
10 0. ppm 9 10 12 10® 12 12 11 12 15 12 12® 10 13 13 9 16 11 11 12® 12 
^Denotes decrease in response to 0 and indicates the maximum response in this test. 
Table A25. Days to strong response in 0.5 ppm animals; 1st generation 
Cage t  rt 
No. No. t1 t2 t3 74 t5 t6 t7 t8 t9 t10 t i l  ti2 t13 t14 t15 t16 t17 t18 t19 t20 
1 0.5 ppm 8 7 10 12= 11 13 8 10 15 12 13^ 10 13 11 8 16 12 12 12= 10= 
2 0.5 ppm 10 9 11 11 = 12 11 11 12 15 13 13' 10 12 13 9 16 12 13 11 = 11 = 
3 0.5 ppm 10 9 n 8= 10 11 10 10 15 11 10= 11 12 12 9 16 12 12 12= 12= 
4 0.5 ppm 
5 0.5 ppm 10 9 12 9' 11 13 10 9 15 11 12= 11 15 12 10 16 12 14 13' 11 = 
6 0.5 ppm 9 8 11 12= 11 11 11 11 15 11 12= 11 15 11 9 16 12 13 11 = 12= 
7 0.5 ppm 9 10 12 11 = 10 10 8 10 15 10 12= 10 14 11 9 16 13 14 11 = 11 = 
8 0.5 ppm 9 11 12 11 = 11 12 11 10 15 10 10= 13 13 14 11 16 12 12 12= 11 = 
9 0.5 ppm 
10 0.5 ppm 8 9 13 9" 10 11 9 11 15 12 10= 12 13 11 8 16 12 12 12= 10= 
^Denotes decrease in response to 0 and indicates the maximum response in this test. 




No. T1 T2 T3 t4 T5 t6 T7 t8 T9 T10 T i l  T12 T13 T14 TI5 T16 T17 T18 T19 T20 
1 C 11 15 5 10^ 10 12 9 9 15 12 9" 9 15 13 9 16 12 13 12" 11 
2 C 10 10 10 9' 11 13 11 9 15 12 11" 11 14 11 11 16 12 12 12" 11 
3 C 10 10 12 11^ 10 12 11 10 15 12 11^ 11 12 12 11 16 12 13 12" 10 
4 c 12 13 15 n'^ 10 12 8 8 15 12 10" 12 12 13 12 16 12 13 lo" 10 
5 c 11 10 11 9" 10 12 8 14 15 12 10® 9 12 13 9 16 11 12 12" 10 
6 c 11 10 16 10^ 11 12 9 8 15 12 io" 11 12 12 10 16 11 12 12" 11' 
7 c 1 1 11 15 lo" 10 12 8 9 15 12 lo" 11 14 12 11 16 12 12 11" 11' 
8 c 12 11 12 11^ 11 13 8 9 15 13 9" 11 13 12 12 16 12 13 12" 11 
9 c 11 13 14 10^ 11 13 10 11 15 13 11" 11 13 15 12 16 13 14 11" 11' 
10 C 
denotes decrease in response to 0 and indicates the maximum response in this test. 




No. t1 T2 T3 T4 T5 t6 T7 t8 T9 TIO Til T12 T13 T14 T15 T16 T17 T18 T19 T20 
1 0. ppm 10 11 13 11^ 11 11 7 
b 15 11 10" 10 12 10 11 16 11 10 12" 11" 
2 0. ppm 15 15 15 11" 11 15 8 9 15 15 11" 14 15 15 13 16 13 14 13" 12" 
3 0. ppm 10 12 13 lo" 11 12 9 9 15 12 10" 10 11 10 10 16 11 10 10" 10" 
4 0. ppm 15 13 _b 13' 13 b b b 15 b 11" b b b b 16 12 12 12" 12" 
5 0. ppm 11 b b 11" 11 12 9 10 15 12 11" 11 16 12 10 16 12 12 12" 11" 
6 0. ppm 
7 0. ppm 11 10 b 10" 11 11 8 10 15 11 10" 10 11 13 13 16 11 13 13" 11" 
8 0. ppm 
9 0. ppm 
10 0. ppm 9 11 11 9" 11 11 7 11 15 11 11" 11 11 11 11 16 11 10 12" 11" 
^Denotes decrease in response to 0 and indicates the maximum response in this test. 
^Response never reached maximum. 
Table A28. Days to strong response in 0.5 ppm animals; 2nd generation 
Cage Trt 
No. No. T1 T2 T3 T4 T5 t6 T7 t8® T9 t io Til T12 T13 T14 T15 T16 T17 T18 T19 T20 
1 0.5 ppm 
2 0.5 ppm 
3 0.5 ppm 





b b b b 16 11 11 11® 11® 
5 0.5 ppm 
6 0.5 ppm b b b 13' 11 
b 
9 9 
b 10® b b b b 16 b b 10® 10® 
7 0.5 ppm 
8 0.5 ppm 
9 0.5 ppm b 10 b 9' 9 
b 
10 10 13 10® b b b b 16 12 b 11® 9® 
10 0.5 ppm b 10 11 13" 13 b b h b b 13® 10 b b b 16 11 11 14® 13® 
^Denotes decrease in response to 0 and indicates the maximum response in this test. 
^Response never reached maximum. 
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Table A29. Mi rex residue levels in whole-body t issue of M. 
ochrogaster adults. Single generation, 90-day 
exposure study 
Mi rex level Number of specimens Mi rex residue 
in diet per sample in tissue (ppm) 
C 3 0.04 
C 3 0,03 
C 3 0.01 
1 ppm 3 0.10 
1 ppm 3 0.10 
1 ppm 3 0.20 
5 ppm 3 1.10 
5 ppm 3 1.50 
5 ppm 3 1.60 
10 ppm 3 3.70 
10 ppm 3 2.20 
10 ppm 3 5.40 
15 ppm 3 5.60 
15 ppm 3 6.20 
15 ppm 3 3.20 
25 ppm 3 6.60 
25 ppm 3 5.60 
25 ppm 3 6.10 
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Table A30. Mi rex residue levels in whole-body t issue of M. 
ochroqaster adults. Single generation, continuous-
exposure study 
Mi rex level Number of specimens Mi rex residue 
in diet per sample in tissue (ppm) 
c 3 0.4 
c 3 0.4 
c 3 0.5 
0.1 ppm 3 0.90 
0.I ppm 3 1.10 
0.1 ppm 3 0.60 
0.5 ppm 3 1.20 
0.5 ppm 3 3.00 
0.5 ppm 3 2.50 
0.7 ppm 3 0.90 
0.7 ppm 3 1.00 
0.7 ppm 3 2.00 
1.0 ppm 3 8.00 
1.0 ppm 3 7.00 
1.0 ppm 3 11.00 
5.0 ppm 3 7.00 
5.0 ppm 3 18.00 
5.0 ppm 3 17.00 
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Table A31. Mi rex residue levels in whole-body t issue of M. 
ochroqaster adults. Mult igeneration, continuous-
exposure-study 
Mi rex level Number of specimens Mi rex residue 
in diet per sample in tissue (ppm) 
Parent 
c 3 0.05 
c 3 0.05 
c 3 0.05 
0.1 ppm 3 1.30 
0.1 ppm 3 0.80 
0.1 ppm 3 0.50 
0.5 ppm 3 4.00 
0.5 ppm 3 3.60 
0.5 ppm 3 2.00 
: Generation 
C 3 0.05 
C 3 0.05 
C 3 0.05 
0.1 ppm 3 1.30 
0.1 ppm 3 1.60 
0.1 ppm 3 0.70 
0.5 ppm 3 2.80 
0.5 ppm 3 2.30 
0.5 ppm 3 2.00 
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Table A31. Continued 
Mi rex level Number of specimens Mi rex residue 
in diet per sample in tissue (ppm) 
2nd Generation 
C 3 0.04 
C 3 0.03 
C 3 0.02 
0.1 ppm 3 0,52 
0.1 ppm 3 0.30 
0.1 ppm 3 0 .30 
0.5 ppm 3 2.00 
0.5 ppm 3 2.00 
0.5 ppm 3 2.00 
